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ABSTRACT
The study examines the influence of natural geography on human health in Peru, a country
that has performed rather poorly, in the Latin American context, in terms of reducing its
infant and maternal mortality rates.  We measured natural geography through rainfall,
temperature, altitude, longitude, and latitude.  We also analyzed the effect that natural
geography may have on the effectiveness of government health investments.  We find
evidence that geography has an important and independent influence on the infant mortality
rate (IMR) and the child malnutrition rate (CMNR).  As latitude and longitude increase
(i.e., as one moves towards the southwest) the IMR drops.  Also, higher levels of rainfall
(as in the Jungle region), and higher latitudes increase the CMNR.  Lower temperatures,
such as those observed in the Mountain region, seem to cause higher rates of child
malnutrition. Geography also appears to affect the effectiveness of government health care
investments. As latitude increases towards the south, thereby reducing the IMR, health
centers and posts see their effectiveness reduced.  Likewise, as longitude increases towards
the west, thus helping to reduce the IMR, government health centers and posts become less
effective in curtailing infant mortality. These results point to a decreasing marginal
productivity of government health care spending.  Several variables other than geography
also affect health status.  For example, we find that an increase in the illiteracy rate from 10
percent to 50 percent would bring about an increase in the IMR from 40 to 75 deaths per
1,000 live births.  Female illiteracy has an important influence on the IMR as well, with
higher levels of illiteracy being associated with a higher IMR.  A policy of increasing
general and female education through public spending thus appears to be an effective way
of improving infant and child health.
The government of Peru has invested heavily in ambulatory facilities in areas of high IMR.
These new investments may have had a positive impact on child health.  However,
whatever this impact, so far it appears to be mild, and not enough to overcome the low
health status that led to these new investments in the first place.  While endogeneity
problems have kept us from measuring the effectiveness of public investments in
ambulatory care infrastructure, we find that the number of doctors working in public
facilities has a positive influence on child health and nutritional status.  We are able to
show through simulations how new public resources devoted to new facilities and doctors
could be allocated among the provinces to reduce regional inequality in health status.
Finally, we find that natural geography exacerbates inequality in health status, as do
existing regional differences in the availability of public services, such as potable water,
sewerage, electricity, and in education.  Public investments aimed at reducing or
eliminating such differences would help to improve equity in health status.v
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1  INTRODUCTION AND RESEARCH OBJECTIVES
The Inter-American Development Bank’s Research Network Project, in its Seventh
Round of Studies, sponsored a series of research projects under the topic Geography and
Development.  The terms of reference encompassed a broad range of research topics linking
economic and social development with geographic variables.  Topic 4 of the terms of reference
listed the following research questions:
  How do health indicators and the burden of disease correlate with geographical variables?
  How much has the influence of geography on human health been affected by investments
in health infrastructure, health service provision, vaccination programs, and so on?
  What are the prospects for the future?
This study attempts to answer these questions for the case of Peru, a country whose
geographic and health status characteristics, and data availability, lend themselves to the kind of
analysis proposed in topic 4.  Indeed, Peru is a country with three clearly defined and distinct
geographic or so-called natural regions, known as Coast (Costa), Mountain (Sierra), and Jungle
(Selva).  Major differences in health conditions and status, health resources, and health care
delivery across the three natural regions offer a unique prospect for studying such research
questions.
Our research focuses on the infant mortality rate (IMR) and the child malnutrition rate
(CMNR) as two measures of health status in Peru.
1  The choice of the IMR as a leading indicator
of health status in Peru responds to the following several reasons.  First, Peru has not carried out
a study of the burden of disease that would yield an aggregate measure of the health damage of
the population, both from premature death and disability.  Second, premature death is responsible
for more than one half of the burden of disease in the Latin American and the Caribbean region
(World Bank, 1993).  Third, the years of life lost from premature death among children less than
5 years of age account for a large share of the burden of disease in developing countries.
2  Fourth,
infant and child mortality are highly correlated in Peru, with a correlation coefficient of 0.93.
Fifth, it is estimated that in Peru the IMR accounts for about 74 percent of all deaths occurring in
children under the age of 5 (Republic of Peru, 1997).  Finally, a central strategic policy objective
of the government of Peru’s health sector policy is the reduction of infant and child mortality and
morbidity (Ministry of Health of Peru, 1996).
In a model of the determinants of infant mortality, the CMNR should be considered an
explanatory variable.  Indeed, CMNR and IMR are highly correlated (correlation coefficient of
0.85).  Yet in this study we have not used CMNR as a factor explaining IMR; instead, we have
considered it to be a direct measure of health status, as an alternative to IMR.  Behind this
decision is the fact that the information on IMR available at the provincial level in Peru is not a
direct measure but rather an inferred value obtained using regression techniques and the
                                                
1 . IMR measures mortality among children less than 1 year of age; the child mortality rate (CMR) measures mortality in
children 5 years or younger.
2 . Murray and Lopez (1994) estimate that in 1990 child mortality accounted for 43 percent of the total burden of disease,
measured in disability-adjusted life years (DALYs), in developing regions of the world2
departmental-level IMR.  In contrast, the information available on the CMNR in provinces comes
from direct measurement through nutritional surveys.  We used this observed value of the CMNR
as a proxy for health status to examine how natural geography, household characteristics,
government health investments, and other variables affect health status.
Our main research questions are:
  What are the major determinants of IMR and CMNR in Peru, including geographic
variables?
  How does government spending in health, including both investments in infrastructure
and investments through recurrent spending, affect IMR and CMNR?
  How would a reallocation of government health investments affect IMR and CMNR?
This document is organized as follows.  Chapter 2 presents background information on
geography, health status, and the allocation of health care resources in Peru.  Chapter 3 presents
the study methodology.  Chapter 4 contains main study results.  Chapter 5 presents research
conclusions.  We present additional background data and research results in the appendices.3
2 BACKGROUND
2.1  Basic Facts About Peru’s Geography
Peru has a complex ecology.  There have been numerous attempts at establishing a natural
classification, or taxonomy, of its geography.  The simplest defines three natural regions, Coast
(Costa), Mountain (Sierra), and Jungle (Selva), as shown in Figure 1.  Generally, the Coast is
subdivided into Lima, the capital city, and the Rest of the Coast (Coast for short).  In 1996 Peru
had a total population of 24.0 million, of which 7.6 million lived in Lima, 6.0 million in the
Coast, 8.0 million in the Mountain, and 2.2 million in the Jungle.    According to expert
geographers, the various ecological niches and the different population groups that exist require a
more precise classification than that given by the three natural regions.  A common partitioning
of the country consists of 8 ecological regions whose main characteristics are described in
Table 1.
As the table shows, there is a direct correspondence between the three natural regions and
the eight ecological regions.  The Coast encompasses the regions of Chala and Yunga Marítima.
The Mountain includes the regions of Yunga, Quechua, Suni, Puna, Janca, and Yunga Fluvial.




The eight regions, which present different ecological niches, have a differential impact on health
conditions among their inhabitants.  The interaction between ecology and human health is the
direct result of geographical characteristics such as topography, climate, altitude, humidity,
Figure 1. Peru’s three natural geographical regions4
rainfall, atmospheric pressure, flora, and fauna.  For example, the inhabitants of the humid
regions (Chala and Rupa-Rupa) carry greater risks of respiratory illness than those living in the
dry regions (Quechua).  The few groups than inhabit the Mountain are more exposed to cardio-
respiratory illness arising from the influence of the high altitude and low atmospheric pressure,
compared to the groups living along the Coast.  Populated centers in the regions of Yunga and
Rupa-Rupa are inserted in a habitat with vectors carrying multiple infectious diseases
(leishmaniasis, bartenelosis, yellow fever).5




b Yunga Marítima (west of Andes Mountains)
 b
Altitude 0-500 meters over sea level 500-2300 meters over sea level
Topography Varied, with flat land, low hills, steep hills, and 80 valleys where some rivers p Broken country, with narrow valleys and steep cliffs.
Climate Tropical in the north; center and south is moderately warm Constant sunny weather, warm mornings and cool nights.
Rainfall -
Inhabitants Chalaco, chala, cholo, challán or tallán Yuncachu











Altitude 1000-2300 meters over sea
level
2300-3500 meters over sea
level
3500-4000 meters over sea
level
4000-4800 meters over sea
level
4800-6746 meters over sea
level
Topography Broken country, with narrow
valleys and steep cliffs
Inclined terrain although
men’s work have created
“andenes” (large stairs)
making it functional for
agriculture
Broken country, valleys with
narrow ends, little
agricultural land
Varied although with certain
flat land (Andes ceiling)
Very broken land and pointy.
It appears as discontinued
succession of white peaks
Climate Constant sunny weather,
warm mornings and cool
nights.
Warm with cool nights, which
turn cold from June to August
Cold due to altitude. Cold, during May and
August they fall -9 C° to –25
C°.  Highest temperature
occur from September to
April and reach 22 C°
Extremely cold (as low as -
25 C°)
Rainfall Rain begins in October with
certain regularity until
December, and then
increase from January to
March
- Rain and snow fall from
October to April
Inhabitants Yuncachu Quechua (descendents from
the Inca Empire)
Shucuy Jaitre o jamille None
Economic Activity Fruit-growers (chirimoya,
lucuma, guayaba, avocado)
Agriculture and horticulture. Forestry and agriculture Shepherd as well as







Altitude 400-1000 meters over sea level 80-400 meters over sea level
Topography The heights are steep although flat at the end of the valleys.  When rivers
cut the Andes chains canyons form sometimes very narrow (pongos)
Flat lands divided into five different levels
Climate Warm and humid.  Very hot during the day Warm and humid.  Relative stable temperatures throughout the year.
Rainfall 3000-8000 mm per year especially from November to April Over 3,000 mm per year
Inhabitants Chuncho Omagua or charapa





Source: Constructed by the authors with data from various sources.6
2.2  Health Status in Peru: Overview
Whereas Peru’s per capita GNP of $2,460 in 1997 (World Bank 1999) about equals the
average for middle-income economies, its basic health indicators are worse than average.  In
1995 the infant mortality rate (IMR) for middle-income countries was 39 per 1,000 live births,
while Peru’s IMR was 47 per 1,000.  That year life expectancy at birth (LEB) in Peru was 66, or
two years below the average for the same group of countries.
Peru has long been criticized for being an unusually poor health performer.  To examine
this criticism, we compared Peru’s actual IMR with its IMR predicted on the basis of income and
the illiteracy rate.  Predictions were made with estimates from an ordinary least squares (OLS)
regression, with the Purchase Power Parity-adjusted per capita GNP and the adult illiteracy rate
as regressors. To allow for marginally decreasing health effects, we took the logarithm of the
dependent variable.  We replicated the exercise for the maternal mortality rate (MMR).  The
methods and outcomes of this analysis are presented in detail in Appendix A.  Results are
depicted in summary form in Figure 2 for the IMR and in Figure 3 for the MMR.
3  In Figure 2,
sample countries have been sorted in decreasing order according to each country’s percentage
deviation between the actual and the predicted IMR, as measured by the gray bars.  Countries
that perform better than expected are those for which IMR > Pred IMR, or ones with a positive
gray bar; poor performers’ bar is in the negative range. Thus, performance here is not measured
by the absolute value of a country’s IMR, but rather by a comparison between where the country
is at and where it should be in terms of its IMR.  Jamaica is a good performer, with an actual
IMR of 12 per 1,000 live births, and a predicted IMR of 27.  So is Costa Rica.  Bolivia, on the
other extreme, is a poor performer.  Bolivia’s actual IMR of 67 per 1,000 is well above its
predicted value of 36 per 1,000.  Based on this analysis, Peru comes out as being a poor
performer in the LAC context: its IMR is significantly below the predicted value.  Peru is second
to last in a sample of 21 countries from the region.  Peru also performs poorly with respect to the
MMR, as shown in Figure 3, where its performance is third to last.
Some countries, like Guatemala and Jamaica, rank similarly well for the IMR and the
MMR, whereas Peru and Bolivia rank equally poorly.  Others, in contrast, perform differently
depending on which health indicator is used.  For example, Costa Rica performs rather well with
regard to the IMR, but not so well in terms of its MMR.
                                                
3 . Many countries in the region view the joint reduction in the IMR and the MMR as the main objective of their primary health
care policy.7
Figure 2. Observed IMR and deviations between predicted and observed IMR,






















































































































































































































































































































Figure 3.  Observed MMR and deviations between predicted and observed MMR,





















































































































































































































































































































The presumption that Peru is an unusually poor health performer is confirmed by the
preceding analysis.  Peru’s IMR and MMR are well below what they would be expected given
Peru’s average income and literacy rate.8
2.3  Trends in Infant and Maternal Mortality and Life Expectancy
Over the past 50 years health status, as measured by infant and maternal mortality and life
expectancy, has improved significantly in Peru (Figure 4).   The nation’s IMR has dropped from
about 159 per 1,000 live births in the period 1950-55 to 45 per 1,000 live births today; the MMR
has dropped from 400 to 265 per 100,000 births; and LEB has risen from 43.9 to 68.3 years.
During this 50-year time span, the IMR has dropped by more than two-thirds, yet the MMR has
yet to be cut in half.  This gap in health sector performance remains to be explained and dealt
with; it is a major policy concern of Peru’s Ministry of Health.
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Source: Authors, from various sources.
To put Peru’s health status achievements in a regional perspective, Figure 5 depicts the
trend in infant mortality over the past 50 years for Chile, Colombia, Costa Rica, Cuba, Paraguay,
and Peru.  Peru’s relative performance has been mediocre: its 70-percent drop in the IMR
exceeds only that of Paraguay (52%), is just below that of Colombia (71%), and is significantly
smaller than the more impressive reductions achieved by Chile (88%), Costa Rica (84%), and
Cuba (81%).
Figure 16 (Appendix B) presents equivalent comparative information for LEB. Peru’s
achievement with respect to this indicator appears noteworthy and is the best in the reference
countries.  In the last 50 years Peru has increased LEB by 25 years, or an average annual increase
in life expectancy of 6 months.  This impressive achievement is in stark contrast with Peru’s
modest reductions in IMR.  This odd finding may be the result of data problems or of
demographic dynamics, whereby LEB in a country of slowly declining IMR can increase over
time at a higher pace than in a country with a more rapidly declining IMR.9
























































Chile Colombia Costa Rica Cuba Paraguay Perú
Source: Authors, from various sources.
2.4  Regional Differences in Health Status and Some of their Determinants
Peru’s IMR and MMR are not only relatively poor when compared with countries of
similar or lower economic development, but also exhibit large differences within the country.
There are significant gaps in IMR among Lima and the natural regions, as illustrated in Figure 6
for the years 1972, 1986, and 1996.  Lima has always had a much lower IMR than the rest of the
country; in 1996 its IMR was about 26 per 1,000 live births.  The Mountain, in contrast, has
persistently displayed the country’s highest IMR, equal to 69 per 1,000 live births in 1996.  The
Coast and the Jungle have historically exhibited a similar IMR, approximately equal to the
nation’s average of 50 per 1,000 live births for 1996.  The gaps in LEB among Lima and the
natural regions parallel those for the IMR, as can be seen in Figure 16 of Appendix B.
As shown in Figure 18 of Appendix B, whereas in 1997 the child mortality rate (CMR)
was 68 per 1,000 live births for the country as a whole, child mortality in rural areas was twice as
great as in urban settings.  Further, there were large differences in child mortality between the
Coastal region on the one hand, and the Mountain and Jungle regions on the other.  These gaps
might be explained to a large extent by differences in mothers’ education, as the data in the
figure suggest.
The higher CMR observed in the Mountain and Jungle regions may partly be attributable
to various health determinants other than the availability of health care services and the provision
of public health goods (such as vaccinations).  In particular, nutrition–an important determinant
of infant and child mortality–also plays a role in determining the large differences observed in
child death rates among regions.  As Figure 19 (Appendix B) shows, the rates of malnutrition in
the Mountain and the Jungle are more than double those of the Coastal area.  These differences
alone could account for much of the gaps in CMR.  However, because the gaps in child
malnutrition are smaller than the gaps in mortality, it is presumed that factors other than
nutrition, like access to health services and clean water, also account for the inequality in
mortality rates.10
























































Country Coast Mountain Jungle Lima
Source: Authors, from various sources.
In his study of equity in health in Peru, Musgrove (1986) analyzed vaccination coverage
rates in Peru’s natural regions.  He found that vaccination coverage rates differed significantly
across the natural regions, being higher in the relatively favored Coast and lower in the least
favored Mountain (Table 2).  Coverage for all four types of vaccines exhibited a ratio of almost
4:1 when the Coastal and Mountain regions are compared.  The mother’s education has been
shown in Peru and elsewhere to be a significant determinant of her children’s health (Bitrán et
al., 1998).  As the table shows, as mothers’ education increases, so does the vaccination coverage
of their children, an effect that is present in all natural regions.
Table 2  Vaccination coverage rate for of children under 5 (%), Peru 1987
By type of vaccine By mother’s education













Coast 84.0 54.3 52.2 67.1 46.4 31.6 42.0 50.6 60.2 69.7
Mountain 50.0 18.3 17.9 39.3 13.0 10.8 14.2 25.7 35.8 51.4
Jungle 57.1 32.4 31.2 50.4 27.6 16.4 23.9 40.2 60.5 79.7
Country 67.6 37.8 36.5 54.4 31.3 16.2 26.6 42.2 55.7 65.3
Source: Musgrove 1986.
The geographic conditions that characterize each of Peru’s three natural regions
undoubtedly have a significant impact on health status for a number of reasons.  First, there are
differences in health conditions arising from the climate.  For example, whereas malaria is
prevalent in all of the Jungle, it is uncommon in the Mountain.  Second, inadequate access to
general infrastructure, like roads, hampers people’s ability to reach health facilities.  Third, the
uneven distribution of other infrastructure and basic services, like schooling, water, and
sanitation, also affects health status differentially across the regions. Fourth, geographic11
conditions also influence the kinds and volumes of foods that the people of the three regions can
grow and have access to.  Fifth, poor topographical conditions, coupled with low population
density, constrain the ability of the government to provide health care services (e.g., locate
facilities) in an equitable fashion across and within regions (Carrillo, 1988).  Sixth, medical
doctors and other health care professionals typically are reluctant to work in rural and isolated
areas, with poor living conditions and with insufficient incentives to compensate them for these
hardships (Locay, 1988).
2.5  Geographical Distribution of Health Resources and Spending
As previously shown, differences among regions in vaccination coverage rates at any
given level of maternal education persist, likely reflecting differences in accessibility to
vaccination services.  Indeed, information available shows that health care resources are
unequally distributed across the country and the three regions.
In his study of equity in health in Peru, Musgrove contrasted the distribution of the
population and ill health with the allocation of health care resources, as measured by the
geographic distribution of doctors across the country.  With this information, he constructed the
Lorenz curves of Figure 21 of Appendix B, and calculated the Gini coefficient to assess both
health inequality (measured by discrepancies between ill health, or health care need, and doctors)
and health inequity (computed as the gap in doctors above a minimum socially acceptable).  He
showed, for example, that those Peruvian departments where physicians are scarcer have 70
percent of the country’s population, but only about 28 percent of its physicians. Appendix D
provides further information on the trend in the supply of health services in Peru.
A recent study examines the levels and allocation of public spending across a sample of
Peru’s health subregions, the main results of which are presented in Table 3.  As can be seen
from the table, the distribution of public health spending across the three natural regions closely
matches the distribution of the population (bottom row).  Thus, the population living in the Coast
represents 31 percent of the country’s population and receives 36 percent of all public spending.
Those living in the mountain are 56 percent of the total population in the study sample and
account for 51 percent of public expenditure.  The inhabitants of the Jungle represent 13 percent
of the total and get exactly 13 percent of all public spending.  If health needs were equally
distributed across the three natural regions, then public spending would be fairly allocated:
vertical equity in the delivery of health services requires that the allocation of health resources be
proportional to health need.  But as the previous analysis has shown, that is certainly not the
case.  The burden of disease is heavily concentrated in the Mountain and Jungle regions, but not
so public spending.
Per capita recurrent government health spending in Peru, expressed in US dollars, has
fluctuated widely over time owing to economic crises and shifting public policy priorities.  In
1977 the government spent on average US$15 per capita in the country to pay for the recurrent
costs of public health services.  Per capita spending in Lima was then twice the national average
(Figure 7).  Differences among the natural regions (Lima excluded) were minimal.  Government
per capita recurrent spending increased after 1977 (not shown in the figure) but in 1982 it
reached levels similar to those observed in 1977.  Between 1982 and 1995 per capita public
health spending more than quadrupled, presumably reflecting an effort on the part of the
government to improve the quantity and quality of health services.  Today per capita recurrent12
spending in public services equals US$67 for the country as a whole.  As in the past, Lima
captures double that amount, or US$136 per capita, while the Coast, Mountain, and Jungle each
receive an approximately equal amount in the range of US$40-49.
Figure 7.  Trend in per capita government recurrent health spending in Lima and



















































Country Lima Coast Mountain Jungle
Source: Authors, from various sources.
Table 3.  Distribution of the population and public health spending in selected health subregions, 1995
















Soles) Coast Mountain Jungle   Coast   Mountain  Jungle 
Huancavelica 100% 0,40            31            12,29      -       0,40          -        -         12,29        -       
Ayacucho 100% 0,51            51            26,27      -       0,51          -        -         26,27        -       
Chanka-Andahuaylas 100% 0,18            35            6,51        -       0,18          -        -         6,51          -       
Puno 100% 1,10            33            36,51      -       1,10          -        -         36,51        -       
Chavín 30% 70% 1,00            36            36,28      0,30     0,70          -        10,88      25,40        -       
Ucayali 100% 0,33            53            17,51      -       -            0,33       -         -            17,51    
San Martín 100% 0,57            34            19,47      -       -            0,57       -         -            19,47    
La Libertad 30% 70% 1,29            33            42,88      0,39     0,90          -        12,86      30,02        -       
Moquegua 30% 70% 0,13            71            9,30        0,04     0,09          -        2,79        6,51          -       
Ica 100% 0,58            62            35,96      0,58     -            -        35,96      -            -       
Tacna 50% 50% 0,22            59            13,20      0,11     0,11          -        6,60        6,60          -       
Lima Este 100% 0,83            46            38,22      0,83     -            -        38,22      -            -       
Total -     -            -       7,16            41            294,40    2,25     4,01          0,90       107,32    150,10      36,99    
Percentage of total -     -            -       -             -           -          31% 56% 13% 36% 51% 13%
Distribution of health 
subregions across natural 
regions
 Population by natural 
region (millions) 
 Public health spending per 
macro region (Millions of 
Nuevos Soles) 
Source: Constructed by the authors from data in Ministerio de Salud del Perú 1997.13
2.6 Summary
Peru exhibits infant and maternal mortality rates that are significantly worse that those of
other Latin American nations with equal or lower per capita GNP and adult literacy rate.  Peru
also features large gaps in health status among those living in its three natural regions and the
capital city of Lima, as well as across the nation’s 24 departments.  These health status
differences may partly be explained by variables that are regionally determined, such as disease
vectors or living conditions associated with the climate and the topography.  But the differences
may also be attributable to large inequalities in the endowment of public health resources,
including physical investment and investment through recurrent spending.  They may also be
ascribed to differences in the endowment of public services, such as access to potable water, and
in socioeconomic variables such as income and education.
MOH investments in hospitals, beds, and ambulatory facilities went up between 1972 and
1996, yet the growth in the number of MOH hospitals was mild and below the increase in
population (see Appendix D).  The MOH’s share in the total hospital market also dropped during
the period, to about one-fourth in 1996.  The number of MOH hospital beds grew faster than the
number of hospitals, but slightly below the increase in population.  The MOH invested heavily in
primary care facilities during the period, building hundreds of health centers and several
thousand health posts.  The combined number of these facilities tripled during the 25 years under
study, and virtually doubled on a per capita basis.
Hospital output, measured in terms of discharges, went up during the period, but dropped
in relation to the number of beds.  In 1996 the overall bed-utilization ratio in MOH hospitals was
estimated at a mere 30 percent.  Total output in ambulatory facilities increased considerably
during the period yet, owing to the comparatively larger increase in the number of facilities, by
1996 average facility output had dropped to less than 6 daily visits.  Per capita consumption of
ambulatory visits in MOH facilities increased in Peru, however, from 0.48 annual visits per
person in 1972 to 0.69 visits in 1996 (see Table 13 in Appendix B).  We now turn to an analysis
of the role that public investment, geography, and other factors may play in shaping health status
in Peru, as measured by the rates of infant mortality and child malnutrition.14
3 METHODOLOGY
3.1 Introduction
Our research objective is to examine how natural geography, as characterized by rainfall,
temperature, altitude, and latitude, affects health status, and how public investments in health
may affect the influence of natural geography on health status.  To this end, we carried out a
statistical analysis of health production functions that seeks to explain how health status, as
measured by the IMR and the CMNR, is influenced by natural geography and other variables.
Below we describe our data set and research methods.
3.2 The  Data
A central decision for our work is the choice of the geographic unit of analysis.  Peru has
3 natural regions, 24 departments, 194 provinces, and 1,892 districts.  The choice of analysis unit
is constrained by the availability of data and the requirements of our research methods.  In
Appendix D we discuss data availability issues, while in Appendix F we provide the data
sources.  In brief, we carried out the following three separate analyses of the determinants of
health status: (1) the IMR in provinces; (2) the CMNR in provinces; and (3) the IMR in
departments.  Analyses (1) and (2) used a cross-sectional data set for all 194 provinces for 1996;
regression analysis (3) used a panel data set for 24 departments and three annual observations
covering a 20-year period (1972, 1983, and 1996).
The stylized form of our IMR and CMNR models is as follows:
where i is an index for the departments or the provinces, varying between 1 and 24, and the
names in parenthesis denote the four groups of independent variables of Table 4, which presents
the dependent and independent variables of the IMR and CMNR models.  Since the IMR data set
is a panel, in Table 13 of Appendix E we provide descriptive statistics for each of the three
annual periods included in the IMR panel.
3.3  Analysis of the Determinants of the IMR in the Departments
The departmental model of the IMR contains some of the same variables included in the
provincial models, as can be seen from Table 4, and also contains some additional variables (a
partial correlation matrix for the variables in the departmental IMR model can be found in
Appendix B).
3.4  Analysis of the Determinants of the IMR and the CMNR in the Provinces
We estimated the IMR and CMNR provincial model’s single equations using OLS.  We
classified each of the two equations’ independent variables in the following five groups: group 1
= natural geography; group 2 = urbanization; group 3 = infrastructure; group 4 = health policy;
group 5 = interaction between natural geography and health policy.
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The criterion for constructing the first four groups of independent variables is that of
endogeneity of the variables.  Thus, we included in group 1 the least endogenous (or most
exogenous) variables and then added groups of variables until we reached group 4, which, in our
view, contained the most endogenous variables.  An endogenous variable is one whose values
may partly be a consequence of the dependent variable.  For example, the government may have
built a large number of health centers (per capita) in a province of high IMR.  Thus, while these
health centers may eventually help to reduce the IMR–the number of health centers thus acting
as a truly independent variable–their number may have been endogenously determined by the
IMR level itself.  A fully exogenous or independent variable is one that affects but is not affected
by the dependent variable.  Natural geography variables may be fully exogenous.  Thus, for
example, rainfall may affect the IMR, but the reverse relationship–the IMR level influencing the
amount of rain–does not present itself.16
Table 4.  Dependent and independent variables in IMR and CMNR models: description and statistics*
Department-
al model

















Dependent variables IMR CMNR IMR
IMR model: Infant mortality rate 
(deaths per 1,000 live births) 43,17 23,59 20,00 128,00 84,12 48,43 26,00 227,00
CMNR model: Child malnutrition rate 
(% of children with a ratio of height) 22,99 13,08 4,70 54,80 -- -- -- --
Independent variables
Group 1: Geography
Altitude (meters above sea level) Y Y Y 1.288,66 1.373,66 16,7 4.140,3 1.362,47 1.201,08 28,59 3.829,25
Latitude (degrees) Y Y Y 10,69 3,44 3,5 18,0 10,71 3,34 3,56 17,94
Longitude (degrees) Y Y Y 76,24 2,79 69,1 81,3 76,20 2,72 69,63 80,44
Rainfall (mm of rain per year) Y Y Y 666,53 759,52 50,0 3.668,7 513,01 641,22 1,50 2.773,10
Temperature (º Celcius) Y Y Y 25,13 7,49 5,6 37,5 18,16 4,80 5,90 26,60
Coastal Region (1=yes; 0 = no) Y -- -- -- -- 0,25 0,44 0,00 1,00
Mountain Region  (1=yes; 0 = no) Y -- -- -- -- 0,36 0,48 0,00 1,00
Jungle Region  (1=yes; 0 = no) Y -- -- -- -- 0,08 0,28 0,00 1,00
Group 2: Urbanization
Urban area (1=yes; 0 =no) Y Y 64,05 34,00 0,00 98,60 -- -- -- --
Population density (persons per Km2) Y Y Y 811,08 1.275,35 0,18 5.408,47 68,74 72,71 0,38 212,46
Presence of a large city  (1=yes; 0 =no) Y 0,44 0,50 0,00 1,00 0,72 0,45 0,00 1,00
Group 3: Infrastructure
Households without potable water (%) Y Y 41,59 25,86 10,4 99,7 63,13 21,43 33,90 96,00
Households without Sewerage (%) Y 37,10 25,90 11,0 98,3 -- -- -- --
Households without Electricity (%) Y Y 42,41 29,45 10,6 99,6 -- -- -- --
Illiteracy rate (%) Y Y 13,61 11,36 3,0 51,9 -- -- -- --
Years of education Y 6,98 2,44 1,7 9,6 -- -- -- --
Female illiteracy (%) Y -- -- -- -- 27,49 20,14 6,10 82,40
Per capita GDP (current Nuevos Soles) Y -- -- -- -- 2.605,92 1.677,54 608,39 13.831,16
Households without potable water squared Y -- -- -- -- 4.437,98 2.705,07 1.149,21 9.216,00
Female illiteracy squared Y -- -- -- -- 1.155,74 1.479,34 37,21 6.789,76
Per capita GDP squared Y -- -- -- -- 9.565.884 14.000.000 370.140 191.000.000
Group 4: Health care (per capita)
Doctors Y Y Y 0,00041 0,00021 0,00000 0,00130 0,00082 0,00070 0,00004 0,00207
Hospitals Y Y 0,00001 0,00001 0,00000 0,00015 -- -- -- --
Hospital beds Y Y 0,00106 0,00439 0,00000 0,06664 0,00319 0,00381 0,00005 0,00921
Health centers and health posts Y Y 0,00013 0,00014 0,00000 0,00186 0,00021 0,00015 0,00001 0,00052
Government health spending Y -- -- -- -- 38,45 40,08 4,16 135,58
Health insurance coverage Y -- -- -- -- 18,50 11,98 2,50 38,97
Number of ambulatory visits Y -- -- -- -- 0,55 0,33 0,04 2,27
Year dummies
Year 1983 (1=yes; 0=no) Y -- -- -- -- 0,305 0,464 0,000 1,000
Year 1996 (1=yes; 0=no) Y -- -- -- -- 0,404 0,494 0,000 1,000
Population 1.793.855 2.630.887 3.218 6.214.097 2.396.087 2.516.688 32.102 7.420.554




from all four groups)
* Y indicates that the variable is included in the regression.17
We run five regressions for each of the two models.  Regression 1 starts with the
independent variables of group 1.  Regressions 2 to 4 cumulatively add the independent variables
contained in groups 2 to 4.  Regression 5 adds the interaction variables of group 5 to the
variables of groups 1 to 4.
To examine the distributional consequences of the independent variables we proceeded as
follows.  First, we estimated both regressions (IMR and CMNR).  Then we computed a predicted
value for the dependent variables under the hypothetical scenario that all provinces are equal
with respect to the independent variables contained in a given group.  To do this we made the
variables equal to the national average.
To illustrate this procedure, consider the following example.  Natural geography variables
(group 1) vary from province to province.  It would be interesting to know how this variation, or
inequality in natural geography, affects both the IMR and the CMNR.  One way of answering
this question is by inferring what the IMR and the CMNR would be if all provinces had the same
natural geography, e.g., if the natural geography variables of each province were equal to the
population-weighted provincial average.  The influence of natural geography on the dependent
variable for province i equals
where the sum contains 5 elements (altitude, latitude, longitude, rainfall, temperature), X1ir
denotes independent variable r in group 1, and â1ir is the OLS estimated coefficient associated
with X1ir.  If natural geography were hypothetically the same for all provinces, then the estimated
value of the dependent variable would be given by the following expression:
where YEji is the estimated value of the dependent variable (IMR or CMNR) for province i,
correcting for the effect of variations in the independent variables in group j (j=1 to 7); Yi is the
observed value of the dependent variable for province i; <Xjr> is the observed average value of
the independent variable r belonging to group j; and âjr is the estimated coefficient for the
independent variable r of group j.
We drew Lorenz curves and calculated Gini coefficients using our own procedure in MS
Excel.  We derived Gini coefficients weighing province-level figures by each province’s
population.  The curve and coefficient were computed both for the observed values of the two
dependent variables and for the estimated value YE, shown in the preceding expression.  For this
exercise we used the estimated OLS coefficients obtained from regression 4, or the regression
that includes all four groups of independent variables.
As previously noted, a chief research objective is to examine how public investments may
alter the effect of natural geography on health status.  To address this question, we interacted in
the regression the natural geography variables with the statistically significant public health
investment variables of regression 3.  Whether or not natural geography and government health
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investments jointly interact to affect the IMR and the CMNR will be determined by the statistical
significance of the coefficients associated with the interaction terms.
Finally, we simulated the effect that incremental public health investments would have on
health status.   This exercise should enable us to recommend a criterion for allocating future
government investments in health infrastructure.  To implement this exercise, we estimated the
value of the current stock of government health care facilities in the country, at replacement
value.  We obtained a total value of the investment stock equal to US $3.5 billion.  We then
assumed an incremental investment, possibly coming from an international development loan,
equal to 3 percent of the stock, or about $100 million.  Next we sought to determine how this
incremental investment should be allocated among the provinces to achieve a desired policy
objective.  We defined as the target objective the reduction in inequality in the distribution of the
IMR and the CMNR across provinces.  We implemented this criterion by asking the algorithm to
minimize the sum of the (population weighted) squared differences between each province’s
estimated IMR (or CMNR) and the average for all provinces.  By minimizing the sum of squared
differences, we are implicitly assigning a greater value to those provinces that exhibit large
differences between their IMR (or CMNR) value and the national average.  This responds to an
implicit social utility function that prioritizes new investments toward high IMR (or CMNR)
provinces, while reducing or avoiding new investments in provinces with higher-than-average
IMR (or CMNR) values.  This equity-seeking algorithm was implemented in Microsoft Excel
using the program’s optimization algorithm Solver.
In sum, the provincial and departmental regression models that we estimated contain the
variables shown in Table 4.  In addition, we included as regressors interaction variables, i.e., the
product of two independent variables presumed to interact in the determination of the dependent
variable.  For example, we interacted health infrastructure with geography variables to test the
hypothesis that the effectiveness of public health investments varies depending on natural
geography.19
4 FINDINGS
4.1  Influence of Natural Geography and Other Variables on Infant Mortality,
Departmental Model
We estimated the model using fixed and random effects and then ran the Hausman test to
determine which specification is most appropriate.  The results of this analysis are shown in
Table 5.  The estimates pass the Hausman test, which evaluates the hypothesis that the
differences between the coefficients in the fixed and random effects models are not statistically
significant.  Thus, we can identify the effect of natural geography variables on the IMR at the
departmental level.
None of the natural geography variables appear to have a statistically significant
influence on the IMR.  This finding may be explained by the fact that several of Peru's
departments encompass areas of wide variation in natural geography.  The year dummies, in
contrast, are highly significant, suggesting that the IMR has been dropping with time through the
influence of factors not included in the model.
The existing investments in MOH hospital infrastructure (see Hospital beds in Table 5)
and in ambulatory health facilities (see Health centers and health posts in the table) appear to
have no effect whatsoever on the IMR.  This result may arise from an endogeneity problem,
however, and therefore should be taken with caution.  In fact, in the last 10-15 years a guiding
principle for new MOH investments in ambulatory health facilities has been, precisely, to build
them in areas of high IMR.  In the short term, one should not expect to find that the new
investments have fully reversed the IMR that led to them in the first place.  In contrast to the
preceding result, the number of doctors in MOH facilities does seem to affect infant mortality in
the expected direction: other things being equal, the higher the number of doctors in a
department, the lower the IMR.
The previous results are consistent with the hypothesis that, to be effective, any new
investments in health facilities ought to be appropriately staffed with new doctors. This premise
is supported by the analysis that follows, at the provincial level.  Any claims that ascribe
reductions in the IMR to new public investments in medical facilities should be viewed with
skepticism, unless these facilities are appropriately staffed.
The percentage of households without potable water, and women’s years of education,
are estimated with precision.  As is shown next, these results match those obtained at the
provincial level.  The higher the availability of potable water, the lower the infant mortality, a
well known result obtained elsewhere, attributable to the reduction in water-borne diseases and
their detrimental effects on child morbidity and mortality.  Strikingly, income, as measured by
the per capita GDP, does not seem to affect the IMR, nor do urban variables.20
Table 5  Regression results for IMR departmental model: fixed and random effects specifications, and Hausman test
Number of observation 72 72




sd(e_depto_t + u_depto) 23,2732 13,7365
corr(u_depto, Xb) -0,0167
corr(u_depto, X) 0 (assumed)
R-sq within 0,9789 0,9772
between 0,3131 0,8555
overall 0,7804 0,9409
F( 17,    31) 84,54
Prob > F 0
chi2( 24) 1445,39














statistic P>|t| Fixed Effects Random Effects
Altitude (dropped) 0,002 0,010 0,23 0,817 -0,018 0,023
Latitude (dropped) -2,905 2,489 -1,17 0,243 -7,784 1,973
Longitude (dropped) -4,047 2,856 -1,42 0,156 -9,644 1,550
Rainfall -0,003 0,007 -0,44 0,665 -0,018 0,011 0,001 0,006 0,16 0,873 -0,011 0,013 -0,003 0,001
Temperature (dropped) -0,681 0,996 -0,68 0,494 -2,633 1,271
Coastal region (dropped) 73,723 63,601 1,16 0,246 -50,932 198,378
Mountain region (dropped) 75,167 62,188 1,21 0,227 -46,719 197,053
Jungle region (dropped) 62,414 65,519 0,95 0,341 -66,001 190,829
Year 1983 -40,067 8,324 -4,81 0,000 -57,044 -23,090 -36,123 5,822 -6,20 0,000 -47,533 -24,712 -40,067 -36,123
Year 1996 -70,742 19,184 -3,69 0,001 -109,868 -31,615 -75,669 10,268 -7,37 0,000 -95,794 -55,544 -70,742 -75,669
Population density 0,123 0,268 0,46 0,649 -0,423 0,668 0,161 0,211 0,77 0,444 -0,252 0,574 0,123 0,161
Presence of a large city  -6,476 6,242 -1,04 0,307 -19,206 6,253 -4,702 5,005 -0,94 0,347 -14,511 5,107 -6,476 -4,702
Households without potable water -3,696 1,575 -2,35 0,026 -6,909 -0,484 -1,959 1,249 -1,57 0,117 -4,407 0,488 -3,696 -1,959
Female illiteracy  -1,136 0,910 -1,25 0,221 -2,992 0,720 -0,827 0,641 -1,29 0,197 -2,084 0,430 -1,136 -0,827
Per capita GDP 0,002 0,004 0,55 0,586 -0,005 0,009 0,002 0,003 0,75 0,454 -0,004 0,009 0,002 0,002
Households without potable water squared 0,026 0,011 2,37 0,024 0,004 0,048 0,015 0,009 1,68 0,093 -0,002 0,032 0,026 0,015
Female illiteracy squared 0,019 0,006 3,12 0,004 0,006 0,031 0,018 0,005 3,63 0,000 0,009 0,028 0,019 0,018
Per capita GDP squared 0,000 0,000 -0,11 0,910 0,000 0,000 0,000 0,000 -0,57 0,569 0,000 0,000 0,000 0,000
Doctors -42.531 21.974 -1,94 0,062 -87.346 2.285 -38.687 18.462 -2,10 0,036 -74.871 -2.503 -42.531 -38.687
Hospital beds 3.386 10.547 0,32 0,750 -18.126 24.898 5.682 8.020 0,71 0,479 -10.037 21.401 3.386 5.682
Health centers and health posts 22.067 42.774 0,52 0,610 -65.172 109.306 23.589 39.551 0,60 0,551 -53.930 101.107 22.067 23.589
Government health spending 0,088 0,150 0,59 0,561 -0,217 0,393 0,054 0,133 0,41 0,684 -0,206 0,314 0,088 0,054
Health insurance coverage -0,279 0,799 -0,35 0,729 -1,908 1,350 0,444 0,600 0,74 0,459 -0,732 1,620 -0,279 0,444
Number of ambulatory visits -4,229 8,982 -0,47 0,641 -22,548 14,090 0,461 8,069 0,06 0,954 -15,353 16,276 -4,229 0,461
Constant 286,017 74,119 3,86 0,001 134,851 437,184 467,302 244,251 1,91 0,056 -11,421 946,025






Test:  Ho:  difference in coefficients not sy
chi2( 17)=(b-B)'[S^(-1)](b-B), S = (Sf e  -  S
Prob>chi2= 0,9985
Ramdon effect specification Fixed effect specification21
4.2  Influence of Natural Geography Variables on Infant Mortality and Child
Malnutrition, Provincial Model
Regression results for the IMR model are presented in Table 6.  As can be seen in the
column labeled regression 1, when only the natural geography variables are included as
regressors, four of the five variables are estimated with precision at the 5 percent confidence
level.  The exception is temperature, which does not appear to have a statistically significant
influence on the IMR in any of the regressions.  Natural geography variables combined explain
62 percent of the provincial variance in the IMR.
Natural geography measures may be correlated with variables omitted from regression 1,
and therefore it is important to examine whether their statistical significance survives when
additional regressors are entered in the model.  When group 2 (urbanization) variables are
included in regression 2, rainfall is no longer significant.  This finding is hard to explain since
rainfall is only mildly correlated with the two variables, urbanization and population density (see
Table 13 in Appendix E).  Latitude, altitude, and longitude maintain their statistical significance.
In regression 3 we added two infrastructure variables (group 3)–general illiteracy and the
percentage of households without electricity.  Here, altitude is no longer significant, but latitude
and longitude remain so.  In regression 4 we included variables from group 4 that measure the
public supply of health services.  Longitude remains statistically significant, and latitude
becomes marginally significant.  Finally, in regression 5 we entered in the model variables
representing the interaction between natural geography and ones that measure the supply of
public health care, to examine the hypothesis that the impact of public health investments on
human health may vary with geography.  As regression results show, when interacted with the
per capita availability of public health centers and posts, longitude maintains its statistical
significance, but not so latitude.  The interaction terms of longitude and latitude with ambulatory
health infrastructure are marginally significant at the 5 percent or better.
Thus, longitude and latitude are the two natural geography variables that seem to affect
the IMR, both having a negative effect on the dependent variable.  This means that as latitude
and longitude increase–that is, as one moves towards the south or the west in Peru, the IMR
drops.  This effect can only partly be attributable to the greater economic affluence of southern
or western Peruvian provinces located towards the Chilean border and along the coast, since
economic development indicators, such as education and urbanization are included in the
regressions.  But this geographic health effect appears to be partly independent of economic
influences and may capture a different kind of influence of geography on human health.
In addition, longitude and latitude seem to affect the productivity of government health
investments.  Whereas the coefficients associated with longitude and latitude are both negative,
the two interaction terms have positive signs.  This suggests that the availability of health centers
and posts mitigates the influence of longitude and latitude on human health.  Or, as latitude
increases towards the south, thereby reducing the IMR, health centers and posts see their
effectiveness reduced.  Likewise, as longitude increases towards the west, thus helping to reduce
the IMR, government health centers and posts become less effective in curtailing infant
mortality.  In contrast, these public health facilities yield greater health gains as one moves either
towards the north and towards the east, or in the direction of provinces of higher IMR.  These
results may point to a negative marginal productivity of government health facilities: as mortality
drops, so does the ability of government health care services to further reduce mortality, and vice22
versa.  The positive association between the supply of public ambulatory facilities and the IMR
is not affected when one interacts that supply variable with the population density variable
(Table 16 of Appendix E).
Table 6.  Regression results, provincial IMR model














Health + Cross 
Variables
Variable Group Variables
Adjusted   R-
squared 0,622 0,7425 0,8228 0,8356 0,8484
constant coefficient 237,0631 280,382 298,174 260,52 441,720
t 3,305 4,614 5,804 5,10 4,00
altitude coefficient 0,00995 0,003450 0,0013415 0,0007668 0,0022226
t 8,281 2,772 1,231 0,72 1,07
rainfall coefficient 0,00633 -0,001 -0,00157 -0,0011968 -0,0013051
t 2,764 -0,410 -0,925 -0,67 -0,33
longitude coefficient -2,353 -2,492 -3,4729 -3,072 -5,229
t -2,888 -3,616 -5,964 -5,32 -4,06
latitude coefficient -2,675 -2,010 -1,7346 -0,9628554 -1,605
t -3,819 -3,263 -3,309 -1,75 -1,32
temperature coefficient -0,117 -0,162 -0,0542 0,0163111 0,0965201
t -0,519 -0,867 -0,345 0,11 0,63
urban coefficient * -0,393 0,0765 0,1471742 0,0309522
t * -9,069 1,017 1,896 0,38
pop. density coefficient * -0,001 -0,0011 0,00 -0,0001702
t * -0,523 -1,374 -0,231 -0,145
illiteracy coefficient * * 1,0396 0,9864932 0,8551678
t * * 6,975 6,480 5,600
households without electricity coefficient * * 0,2555 0,243522 0,1457267
t * * 2,928 2,856 1,709
doctors coefficient * * * -21297,97 -249525,500
t * * * -3,084 -0,772
hospitals coefficient * * * -108736,3 -70713,880
t * * * -1,047 -0,676
centers and posts coefficient * * * 24918,84 -587351,700
t * * * 3,106 -1,862
hospital beds coefficient * * * -118,82 -18,412
t * * * -0,689 -0,098
d o c t o r s  x  a l t i t u d e c o e f f i c i e n t **** - 0 , 9 275294
t**** - 0 , 2 1 4
d o c t o r s  x  r a i n f a l l c o e f f i c i e n t **** - 1 2 , 79087
t**** - 0 , 9 8 8
d o c t o r s  x  l o n g i t u d e c o e f f i c i e n t ****3 435,973
t**** 0 , 9 1 9
d o c t o r s  x  l a t i t u d e c o e f f i c i e n t **** - 2 590,312
t**** - 0 , 7 6 2
c e n t e r s  a n d  p o s t s  x  a l t i t u d e c o e f f i c i e n t **** - 8 , 157697
t**** - 1 , 3 0 0
c e n t e r s  a n d  p o s t s  t i m s  r a i n f a l l c o e f f i c i e n t ****1 6 , 63726
t**** 1 , 3 1 2
centers and posts times longitude coefficient ****6 734,851
t**** 1 , 8 1 8
c e n t e r s  a n d  p o s t s  t i m e s  l a t i t u d e c o e f f i c i e n t **** 9 . 831,680
t **** 2 , 6 3 1








Group 4: Health 
Infrastructure (per 
capita)
The independent effect of natural geography on the IMR is depicted in Figure 8.  In this
exercise we have kept all variables other than natural geography constant, and equal to their
averages for Peru.  Other things being equal, then, using estimated regression coefficients we
simulated the effect of each natural geography variable on the IMR.  We also show in Figure 15
the presumed effect of rainfall and altitude on the IMR, even though these variables, alone or
when interacted, are not significant at the 10 percent level.  The scale of the vertical axis (IMR)
is the same in all four figures.  In addition, to put in perspective the effect of the chosen
independent variable on the IMR, we show under each figure the minimum and maximum values
of each variable in Lima and each of the natural regions.23
Along its observed range, altitude appears to have the mildest effect on the IMR, whereas
longitude has the greatest impact.  Other things being equal, a province with the highest
longitude (81 degrees, see graph in the bottom left of the figure) would be expected to have an
IMR of just below 30.  A province with the lowest possible longitude (69 degrees), but otherwise
with equal characteristics, would have an IMR twice as high.
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Regression results for the CMNR model are shown in Table 7.  The five natural
geography variables explain 71 percent of the variance in CMNR.  When taken alone (regression
1), only three variables–altitude, rainfall, and latitude–are significant, while longitude is nearly
significant at the 10 percent level.  All three significant variables remain so when urbanization
variables are entered in the model (regression 2), and longitude remains significant as well. In
regression 3a we add the infrastructure variables.  Longitude becomes not significant and altitude
turns marginally significant at the 10 percent level.  When we add the public health care supply
variables in regression 4a, rainfall, latitude, and temperature maintain their significance at the 5
percent level.  Finally, in regression 5a, when we include interaction variables between natural
geography and public health investments, only rainfall remains significant.24
Table 7.  Regression results, provincial CMNR model


























Health + Cross 
Variables
Variable Group Variables Adjusted   R-2 0,7143 0,7654 0,8518 0,8540 0,8539 0,8447 0,8459 0,8464
constant coefficient -19,6 -11,5 37,7 27,0 20,2 29,4 17,2 26,1
t -0,568 -0,357 1,407 0,970 0,311 1,077 0,607 0,391
altitude coefficient 0,006 0,003 0,001 0,001 0,001 0,001 0,001 0,001
t 10,057 5,014 1,459 1,521 0,568 2,109 2,152 1,021
latitude coefficient -1,15 -0,79 -0,70 -0,61 -0,11 -0,60 -0,45 -0,14
t -3,395 -2,426 -2,532 -2,055 -0,147 -2,111 -1,488 -0,186
longitude coefficient 0,60 0,63 0,22 0,35 0,28 0,16 0,30 0,04
t 1,522 1,737 0,723 1,136 0,374 0,525 0,339 0,059
rainfall coefficient 0,007 0,005 0,004 0,005 0,005 0,005 0,005 0,005
t 6,606 4,429 4,065 4,627 2,038 4,852 5,296 2,167
temperature coefficient -0,12 -0,14 -0,17 -0,17 0,12 -0,12 -0,10 0,21
t -1,114 -1,442 -2,061 -1,985 0,622 -1,445 -1,246 1,044
urban area coefficient * -0,13 0,03 0,03 0,01 0,08 0,08 0,06
t * -5,866 0,676 0,629 0,105 1,966 1,847 1,194
population density coefficient * -0,001 0,000 0,000 0,001 0,000 0,000 0,001
t * -1,445 -0,495 -0,842 0,811 -0,555 -0,740 0,747
households without potable water coefficient * * -0,05 -0,04 -0,05 -0,14 -0,14 -0,15
t * * -0,853 -0,728 -0,774 -2,692 -2,630 -2,687
households without sewerage coefficient * * 0,18 0,19 0,19 0,16 0,17 0,17
t * * 5,087 5,007 4,749 4,456 4,277 4,106
households without electricity coefficient * * -0,18 -0,20 -0,19
t * * -3,109 -3,299 -3,104
illiteracy rate coefficient * * 0,21 0,20 0,21 0,19 0,17 0,20
t * * 1,782 1,564 1,573 1,579 1,333 1,459
female years of education coefficient * * -3,5 -3,6 -3,5 -3,0 -3,1 -2,9
t * * -3,361 -3,319 -3,046 -2,879 -2,787 -2,546
doctors coefficient * * * 1.856 25.636 * 2,492 -70.432
t * * * 0,486 0,134 * 0,001 -0,364
hospitals coefficient * * * 10.924 -13.146 * -1.289 -26.530
t * * * 0,195 -0,227 * -0,022 -0,447
hospital beds coefficient * * * -229 -250 * -206 -238
t * * * -2,532 -2,433 * -2,226 -2,266
health centers and health posts coefficient * * * -2.248 -32.279 * -1.544 22.408
t * * * -0,479 -0,166 * -0,320 0,011
d o c t o r s  x  a l t i t u d e c o e f f i c i e n t **** 1 , 6 2 ** 1 , 4 1
t **** 0 , 6 3 7 ** 0 , 5 4 1
d o c t o r s  x  r a i n f a l l c o e f f i c i e n t **** 1 , 7 1 ** 4 , 0 4
t **** 0 , 2 3 1 ** 0 , 5 3 6
d o c t o r s  x  l o n g i t u d e c o e f f i c i e n t **** 1 5 4 ** 1 . 2 6 1
t **** 0 , 0 7 1 ** 0 , 5 7 6
d o c t o r s  x  l a t i t u d e c o e f f i c i e n t **** - 1 . 4 7 8 ** - 4 1 6
t **** - 0 , 7 5 0 ** - 0 , 2 0 9
d o c t o r s  x  t e m p e r a t u r e c o e f f i c i e n t **** - 9 1 0 ** - 1 . 0 1 8
t **** - 1 , 5 0 4 ** - 1 , 6 4 4
c e n t e r s  a n d  p o s t s  x  a l t i t u d e c o e f f i c i e n t **** - 5 , 8 ** - 6 , 7
t **** - 1 , 4 5 8 ** - 1 , 6 3 1
c e n t e r s  a n d  p o s t s  t i m s  r a i n f a l lc o e f f i c i e n t **** - 5 , 8 ** - 7 , 9
t **** - 0 , 8 0 7 ** - 1 , 0 7 6
c e n t e r s  a n d  p o s t s  t i m e s  l o n g i t u d e c o e f f i c i e n t **** 5 9 7 ** 2 9
t **** 0 , 2 7 3 ** 0 , 0 1 3
c e n t e r s  a n d  p o s t s  t i m e s  l a t i t u d e c o e f f i c i e n t **** 8 3 4 ** 1 5 2
t **** 0 , 3 8 9 ** 0 , 0 6 8
c e n t e r s  a n d  p o s t s  t i m e s  t e m p e r a t u r e c o e f f i c i e n t **** - 2 6 2 ** - 2 5 5
**** -0,424 ** -0,402








Group 4: Health 
Infrastructure 
(per capita)25
It is difficult to infer which is the most appropriate specification: the one in regression 4a,
without the interaction terms, or the one in regression 5a, with interactions.  Since none of the
interaction terms is significant, we would like to interpret the effect of natural geography on the
CMNR on the basis of regression 4a results.  However, the results that a higher availability of
household electricity would increase child malnutrition–a result given by the statistical
significance and negative sign of variable “households without electricity” in regression 4a–
makes no economic sense.  It may be ascribed to the high correlation between the availability of
electricity and potable water in households (correlation coefficient of 0.85, see Table 14).
Thus, we ran regressions 3a-5a without the electricity variable and obtained regressions 3b-5b,
whose results are shown in the last three columns of Table 7.  Eliminating electricity from the
equation has the expected consequence of making the household water variable significant, in
equations 3b-5b, and of a higher absolute value.  However, the water variable, although
significant, is negative.  This finding, also anomalous, would indicate that as more households
have potable water, more children become malnourished.  It is worth noticing that the altitude
variable also becomes significant in equations 3b and 4b, and that the "urban area" variable
becomes marginally significant in both.  In contrast, latitude, which was significant in equation
4a, is no longer significant in equation 4b.  Likewise, in equations 3b and 4b temperature loses
its previous significance.
Thus, in both equation groups, a and b, the effect of household electricity and potable
water has the opposite expected sign.   Neither group of regressions seems superior from an
analytical viewpoint.  The following analysis is based on the results of the group a equations.
4.3  Influence of Other Variables on Infant Mortality and Child Malnutrition
Variables other than those characterizing natural geography affect the IMR as well.  As
can be seen from regression 5 in Table 6, the general illiteracy rate, the percentage of households
without electricity, and the per capita number of government health centers and posts are also
estimated with precision.
4  The positive sign associated with illiteracy indicates that illiteracy and
the IMR move in the same direction: a higher illiteracy means a higher IMR and vice versa.
Likewise, the positive sign associated with the electricity supply variable reveals that in areas
where household electrification is low, so is the IMR, and as the percentage of households
without electricity increases, the IMR rises as well.
In Figure 9 we depict the effect on the IMR of the two variables other than natural
geography–the adult illiteracy rate and the percentage of households without electricity–that
have a statistically significant effect on the IMR.  For the reasons discussed above, we have not
simulated the apparent influence of the number of health centers and posts on the IMR.   As the
figure shows, whereas the effect of the availability of electricity appears to be mild (top right
graph), the impact of illiteracy is high.  Thus, when illiteracy is around 10 percent, the IMR is
expected to be around 40 infant deaths per 1,000 live births.  Other things being equal, when the
illiteracy rate is just above 50 percent, the IMR is slightly greater than 75.  Education thus has an
important effect on curtailing infant mortality.  An effective public policy aimed at reducing the
IMR should consider an increase in public education programs.
                                                
4 . In the provincial IMR model, we did not include among the independent variables the one measuring the availability of potable water.
This enables us to keep in that model the variable that measures the availability of household electricity.26
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In Figure 10 we illustrate the influence of geography and other variables on the CMNR, on
the basis of equation 4a regression results.  Rainfall affects child malnutrition in an important
way, as seen in the top left section of the figure.  High levels of rainfall are responsible for
frequent bouts of respiratory diseases, malaria, water contamination and water-borne diseases,
and other transmissible diseases of the tropics.  Thus, as the amount of rainfall increases, so does
child malnutrition, owing to the detrimental effects of abundant rains on child health.
Temperature also seems to increase child malnutrition in an important way, too, (not shown in
the figure), a finding explained by the poor agricultural yields of crops located in high
temperature areas, mostly in the jungle.  Increasing the availability of household sewerage, and
educating women, helps to reduce the CMNR in an important way.  In contrast, increasing the
per capita availability of hospital beds seems to reduce child malnutrition.  It is known that
hospital beds do not contribute to reduce the incidence or prevalence of malnutrition in children;
instead, they help to combat death among children, some of whom are more prone to severe
disease because of malnutrition.  The positive effect that hospital bed availability seems to have
on child malnutrition may actually reflect the fact child malnutrition is relatively lower in better-
off urban areas, where hospital beds are primarily located.27
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4.4  Influence of Public Health Investments on Infant Mortality and Child
Malnutrition
The per capita availability of government health centers and posts also has a statistically
significant yet positive effect on the IMR in regression four of Table 6.  In regression 5, where
this investment enters alone as well as through interaction terms with the natural geography
variables, the combined effect of health centers and posts in the IMR is also positive.  This
suggests the seemingly odd finding that higher public investments in physical infrastructure for
primary health care increase the IMR.  However, this result can partly be explained in light of
historical information.  As we showed in Chapter 2, a good part of the investment in ambulatory
public facilities, particularly in health posts, has occurred since the mid eighties, and a guiding
principle for the location of new ambulatory facilities has been the IMR.  Thus, much of the
investment has occurred in poor and rural locations with high IMR.  If the impact of these new28
investments occurred only slowly over time, one might expect to find that the investment variable
and the IMR have equal signs, reflecting the fact that investment has been increased recently, and
precisely in areas where the IMR is high.
But the above explanation is only partly satisfactory.  Part of the impact of new primary
health care facilities, however mild, should be immediate, and part should occur over time as the
population becomes acquainted with, and can benefit more intensely from, the services the
facilities offer.  The strong correlation between primary health care public investments and the
IMR rather suggests that these new investments have not been sufficiently effective, possibly
because they may not have been accompanied by complementary production inputs, particularly
personnel (doctors, nurses and midwives) and medicines.
To illustrate the possible effect of a policy that would further expand the supply of
primary care facilities staffed with new doctors (whose presence reduces the IMR), we run a
simulation.  As explained in Chapter 3, we assumed a 3 percent increase in the current number of
public ambulatory facilities.  The value of this incremental investment is $103 million, and this
amount would finance the construction of 441 new facilities.  We sorted the provinces in
ascending order according to their current availability of public facilities.  We then formed eight
groups of provinces, each containing the same number of provinces, or about 24 such units.
Next, we determined the allocation of these 441 new facilities among the provinces that would
minimize the variance in IMR in the country.  As can be seen from Table 8, about one-half of the
new investment (98+95=193 facilities) would go to the two groups of provinces with the lowest
current availability of public facilities.
5
                                                
5 .  The need for further human resources in government health facilities is supported by the results obtained elsewhere for Peru by
the authors (see Bitrán et al. 2000).29
Table 8.  Equitable allocation of a marginal increase in the number of public health centers and
posts staffed with doctors
Group of provinces according to current
availability of health centers and posts Coast Mountain Jungle Lima Total
1 20 21 6 52 98
2 46 41 8 0 95
3 8 4 6906 4
4 4 4 3 1 205 9
5 5 3 4 1 004 8
6 1 2 7 1 904 7
7 2 1 5402 2
8 0610 7
Country 88 177 49 127 441
Allocation of new investment in health
centers and posts (number of facilities)
88 177 49 127 441
Allocation of new investment in health
centers and posts ($) 20,971,286 42,132,605 11,581,759 30,314,350 105,000,000
4.5  Interaction between Geography and Public Health Investment Variables
As was discussed above, the effect that health infrastructure has on the IMR does not
seem to be constant across the Peruvian territory, but rather varies depending on natural
geography.  In Figure 11 we depict the effect of public health investments on natural geography
under two scenarios, keeping constant in each, and equal to their national average, all
independent variables other than natural geography and government health facilities.  In the first
we assumed that geography and public health investments do not interact, as in regression 4.  We
thus depicted with the dotted line the effect that the supply of public facilities has on the IMR,
based on the estimated coefficient of regression 4a.  In the second scenario we supposed that in
addition to its pure effect on the IMR, natural geography also interacts with the availability of
public facilities to affect the IMR.  We thus used the coefficient of the supply of public facilities
variable of regression 5a to construct the second line, shown in Figure 11 as a continuous line.
As can be seen from the figure, altitude and longitude appear to have only a mild effect on
the effectiveness of government health centers and posts, because the dotted and continuous lines
barely differ.  In contrast, rainfall and latitude do seem to have an important effect on the
effectiveness of public health investments.  In areas of high rainfall (top right graph), government
health centers and posts appear to be less effective than in drier locations.  Latitude seems to
diminish the effectiveness of public facilities in mid  to high-latitude provinces, and to increase it
in low-latitude locations.
Figure 11.  Interaction effect between natural geography and public health resources30
4.6  Distributional Consequences of Geography, Health Investments, and Other
variables
As we explained in Chapter 3, we used regression 5 of each of the two models to estimate
the values of the dependent variables, IMR and CMNR, in the hypothetical scenario that
geography, urbanization, infrastructure, and health investment variables were made equal among
all provinces.  As we equalized the independent variables contained in each group, starting with
geography and then successively adding the variables from the three other groups, we derived the
Lorenz curve and calculated the Gini coefficient on the estimated dependent variable.  The results
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Figure 13.  Simulated effect on equality of cumulative changes in independent variables, CMNR
The Gini coefficient for the observed distribution of the IMR equals 29.1.  If natural
geography variables were equalized in Peru, then the Gini value of the IMR would drop, meaning
that health inequality would be reduced.  Thus, the nationwide variations in natural geography
produce inequality in health status.  Next, if urbanization variables were made equal to the











































scenario, from 25.4 to 30.1, and inequality would increase to a value about equal to the observed
situation in Peru in 1996.  Thus, the gains in equality that would be achieved by equalizing
geography would be offset by the losses in equality associated with a scenario where urbanization
was the same around the country.  Infrastructure has an opposite effect to urbanization: if all
provinces had equal infrastructure and human capital, then IMR inequality would drop
significantly.  A similar result would be obtained if government health resources were allocated
equally across the provinces. The results of the equivalent analysis for the CMNR are very
similar, as shown in Figure 13.33
5 SUMMARY  AND  CONCLUSIONS
The study sought to examine the influence of natural geography–as measured by rainfall,
temperature, altitude, longitude, and latitude–on human health, and the effect that natural
geography may have on the effectiveness of government health investments.  We used the infant
mortality rate (IMR) and the child malnutrition rate (CMNR) as our measures of health status.
We estimated with ordinary least squares health production functions for the IMR and the CMNR
at the departmental and provincial levels with natural geography and various measures of
urbanization, infrastructure, human capital, and government health care supply as the regressors.
The department-level regression was carried out on a panel consisting of three annual
observations, for the years 1972, 1983, and 1996, for Peru’s 24 departments.  The provincial
regression used a cross-sectional data set with observations on Peru’s 194 provinces for the year
1996.
As expected, when departmental data are used, natural geography does not seem to affect
human health.  This can be explained by the fact that several of Peru’s departments encompass
areas with wide variation in natural geography.  In contrast, with provincial data we find that
geography has an important influence on the IMR and CMNR.  As latitude and longitude
increase (i.e., as one moves towards the southwest) the IMR drops.  Also, higher levels of rainfall
(as in the Jungle region), and higher latitudes increase the CMNR.  Lower temperatures, such as
those observed in the Mountain region, seem to cause higher rates of child malnutrition.  Natural
geography alone explains 62 percent of the variation in the IMR and 71 percent of the variation in
the CMNR.
Geography also seems to affect the effectiveness, or productivity, of government health
care investments. As latitude increases towards the south, thereby reducing the IMR, health
centers and posts see their effectiveness reduced.  Likewise, as longitude increases towards the
west, thus helping to reduce the IMR, government health centers and posts become less effective
in curtailing infant mortality.  In contrast, these public health facilities yield greater health gains
as one moves either towards the north and towards the east, or in the direction of provinces of
higher IMR.  These results point to a decreasing marginal productivity of government health care
spending: where health status is high (e.g., in areas of high latitude or longitude) a given amount
of public health investments yields lower health gains than the same amount in low health status
areas.
Several variables other than geography also affect health status at both the departmental
and the provincial levels.  In particular, the general illiteracy rate has an important influence on
health status at the provincial level.  Thus, using average values for the independent variables
across the entire provincial sample, an increase in the illiteracy rate from 10 percent to 50 percent
would bring about an increase in the IMR from 40 to 75 deaths per 1,000 live births.  At the
departmental level, female illiteracy has an important influence on the IMR, higher levels of
illiteracy being associated with a higher IMR.  A policy of increasing general and female
education through public spending thus appears to be an effective way of improving infant and
child health.34
Public investments in ambulatory care facilities, i.e., in government health centers and
posts, do not seem to have yielded an expected improvement in health status.  This finding may
be a reflection of the public investment policies of recent decades.  The government of Peru has
invested heavily in ambulatory facilities in areas of high IMR.  But whatever the positive impact
of these facilities may be, investment in child health is still insufficient to reverse the health status
indicators that led to these investments in the first place.
While endogeneity problems have kept us from measuring the effectiveness of public
investments in ambulatory care infrastructure, we found that the number of doctors working in
public facilities has a positive influence on child health and nutritional status.  We are able to
show through simulations how additional public resources devoted to new facilities and doctors
could be allocated among the provinces to reduce regional inequality in health status.
Finally, we found that natural geography exacerbates inequality in health status, as do
existing regional differences in the availability of public services, such as potable water,
sewerage, electricity, and in education.  Public investments aimed at reducing or eliminating such
differences would help to improve equity in health status.35
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  APPENDIX A
Cross-country analysis of infant and maternal mortality
This appendix presents the methods and results of a regression analysis to compute
expected IMR and MMR by country, for a group of 21 selected countries in the LAC region.
Ordinary least squares were  used to estimate IMR and MMR equations with all or a subset of the
following independent variables: PPP-adjusted per capita GNP, percentage of households with
access to potable water, adult illiteracy rate, and percentage of the population living in urban
areas.
6  To allow for marginally decreasing health effects, we took the logarithm of the dependent
variables.  Table 9 presents the data set for the sample countries included in the analysis for the
year 1997.





















Argentina 22 100 9.950 4 36 89
Bolivia 67 370 2.940 24 40 62
Brazil 36 160 6.240 17 28 80
Chile 12 100 12.080 5 4 84
Colombia 25 55 6.720 9 24 74
Costa Rica 12 180 6.410 5 4 50
Dominican Republic 40 110 4.540 18 29 63
Ecuador 34 150 4.820 12 30 60
El Salvador 34 300 2.810 30 45 46
Guatemala 41 190 3.840 51 40 40
Haiti 72 600 1.150 58 72 33
Honduras 44 220 2.200 27 35 45
Jamaica 12 120 3.470 11 30 55
Mexico 32 110 8.120 13 17 74
Nicaragua 44 160 2.370 33 39 63
Panama 22 55 7.070 10 17 56
Paraguay 24 190 3.870 9 58 54
Peru 42 280 4.390 17 40 72
Trinidad and Tobago 13 90 6.410 3 18 73
Uruguay 18 85 8.460 2 17 91
Venezuela 22 200 8.530 10 21 86
Source: World Bank 1998/199+A39. World Development Report.  Oxford University Press.
                                                
6 . This exercise was suggested by Eduardo Lora and is also based on an earlier effort by the World Bank (1999, p. 16).  The
current analysis differs from the previous one in that here (1) we have taken the logarithm of the dependent variables; (2) we
measured GNP in PPP terms; and (3) we have included a second independent variable from a set of three candidate variables with
the criterion of maximizing r-squared.  The three candidate variables are: the percentage of households without water, the adult
illiteracy rate, and the percentage of the population that is urban.38
Using the regression results we constructed the predicted value of the IMR for each of the
countries in the sample, or Pred IMR.  We then computed the difference between the predicted










Countries that perform in reality better than would be predicted are whose actual IMR is
lower than predicted, or IMR < Pred IMR.  Thus, for those countries DEV is positive.   Countries
that perform worse than predicted are those whose IMR is higher than predicted, or IMR > Pred
IMR.  For the bad performers, DEV is therefore negative.
Table 10 presents results from the various regressions, which differ in terms of the set of
regressors.  To avoid multicollinearity problems, we selected the regression with the highest
adjusted r-squared among those with only two independent variables.  Thus, we chose equation 8
both for the IMR and the MMR.


















Peru Pred IMR - IMR
(Pred IMR - IMR) 
/IMR
1 x 0,41 0,38 32,1 42,0 -9,9 -23,6%
2 xx 0,52 0,47 34,5 42,0 -7,5 -18,0%
3 xx 0,45 0,38 36,6 42,0 -5,4 -12,8%
4 xxx 0,55 0,46 38,3 42,0 -3,7 -8,8%
5 xx x 0,62 0,56 30,8 42,0 -11,2 -26,7%
6 xxxx 0,72 0,65 37,0 42,0 -5,0 -11,9%
7 xx x 0,71 0,66 36,4 42,0 -5,6 -13,3%






Pred MMR - 
MMR
(Pred MMR - 
MMR) /MMR
1 x 0,41 0,38 178,0 280,0 -102,0 -36,4%
2 xx 0,50 0,45 191,8 280,0 -88,2 -31,5%
3 xx 0,41 0,34 174,4 280,0 -105,6 -37,7%
4 xxx 0,51 0,42 183,5 280,0 -96,5 -34,5%
5 xx x 0,55 0,47 176,5 280,0 -103,5 -37,0%
6 xxxx 0,55 0,44 180,1 280,0 -99,9 -35,7%
7 xx x 0,51 0,43 173,8 280,0 -106,2 -37,9%
8 xx 0,51 0,45 163,4 280,0 -116,6 -41,6%
In Table 11 we compare actual with equation-predicted mortality data.  We sorted the
countries on the basis of their performance, where the latter is measured as the percentage
deviation between actual and expected mortality indicator.  Jamaica has the best performance in
terms of the IMR; Colombia shows the best results for the MMR.  Peru ranks poorly for both
mortality indicators.  The information from this table has been used to construct the graphs of
Figure 2, shown in the body of the report.
We repeated the exercise of Table 11 on the basis of the two regressions that yield the
lowest error of prediction for Peru, i.e., equation 4 for the IMR in Table 10, and equation 2 for
the MMR.  The results from this exercise are depicted in Figure 14 for the IMR and in Figure 1539
for the MMR.  Peru appears with a better performance than in the preceding exercise, although in
both cases, again, Peru does worse than expected (the bars for Peru in Figures 14 and 15 are both
negative), given its development indicators.  The excellent performances of Jamaica and
Colombia remain unaltered.














Jamaica 12 27 1,21 1 BEST Colombia 55 121 1,20 1 BEST
Costa Rica 12 21 0,72 2 Panama 55 120 1,18 2
Trinidad and Tobago 13 20 0,52 3 Guatemala 190 308 0,62 3
Guatemala 41 61 0,48 4 Nicaragua 160 249 0,55 4
Chile 12 16 0,35 5 Dominican Republic 110 165 0,50 5
El Salvador 34 41 0,20 6 Jamaica 120 157 0,31 6
Haiti 72 79 0,10 7 Trinidad and Tobago 90 111 0,24 7
Paraguay 24 25 0,04 8 Uruguay 85 95 0,12 8
Panama 22 22 0,01 9 Mexico 110 118 0,07 9
Nicaragua 44 44 0,00 10 Honduras 220 227 0,03 10
Uruguay 18 18 -0,02 11 Ecuador 150 145 -0,03 11
Venezuela 22 21 -0,05 12 Brazil 160 144 -0,10 12
Honduras 44 39 -0,11 13 Argentina 100 89 -0,11 13
Colombia 25 22 -0,11 14 Chile 100 78 -0,22 14
Argentina 22 17 -0,21 15 Paraguay 190 147 -0,23 15
Ecuador 34 26 -0,25 16 El Salvador 300 229 -0,24 16
Brazil 36 27 -0,26 17 Haiti 600 420 -0,30 17
Dominican Republic 40 29 -0,27 18 Costa Rica 180 115 -0,36 18
Mexico 32 23 -0,29 19 Peru 280 163 -0,42 19
Peru 42 29 -0,31 20 Bolivia 370 204 -0,45 20
Bolivia 67 36 -0,47 21 WORSE Venezuela 200 109 -0,46 21 WORSE
IMR model MMR model40
Figure 14.  Observed IMR and deviations between predicted and observed IMR, selected















































































































































































































































































(TMI Esp - TMI)/TMI TMI TMI Esp
Figure 15.  Observed IMR and deviations between predicted and observed IMR, selected
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  APPENDIX B
Additional background information
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Source:











































Country Coast Mountain Jungle Lima
Source: Authors, from various sources.42

























Source:  UNICEF and INEI 1997.

























Source:  UNICEF and INEI 1997.43
Figure 20.  Lorenz curve for the allocation of public health resources in Peru, 1982












CUMULATIVE PERCENTAGE OF THE POPULATION
































































  APPENDIX C
The supply of health services in Peru
The public sector accounts for much of the supply of hospital beds in the country as a
whole and in each natural region, and in all three years examined, as shown in Figure 21.  The
supply of total, public, and private hospital beds, measured as the number of beds per 10,000
population, has changed over time, however.  In Lima, the beds to population ratio dropped
steadily from 1975 to 1985 and from 1985 to 1996.  The total decline in the beds to population
ratio between 1975 and 1996 was equal to 34 percent.  During that time, Lima’s population grew
by 95 percent (from 3.9 million to 7.6 million people).  The preceding facts imply that the
absolute supply of public hospital beds, both public and private, grew, although at a slower pace
than the population, thereby resulting in a drop in the per capita supply of beds.
In the natural regions outside of Lima, the situation was quite different.  Between 1975
and 1985 the per capita public supply of hospital beds dropped significantly in the Coast and
mildly in the Mountain, but increased slightly in the Jungle.  These trends parallel the evolution
of the recurrent MOH budget shown in Figure 7.  During that decade, the per capita private
supply of private beds remained stable, meaning that in each region private investment in beds
evolved along with the growth in population.  Between 1985 and 1995 the situation in the regions
changed, primarily because of a sizable increase in the public supply of beds, as the private per
capita bed supply remained more or less unchanged.  Both in the Coast and the Mountain the per
capita supply of beds almost doubled; in the Jungle, it more than tripled.  This, again, is
consistent with the explosive growth between 1985 and 1996 in per capita public recurrent health
spending (Figure 7).
Figure 22 presents information on the evolution of MOH and other (social security,
private, and armed forces) ambulatory facilities in Lima and the regions.  As can be seen, the
MOH’s market share, while still high, has been dropping steadily during the 20-year period,
despite large MOH investments in the construction of new health centers and posts (see below).
This is partly attributable to an even larger increase in private and IPSS medical infrastructure for
ambulatory care.45
Figure 21.  Distribution of public and private hospital beds in Lima and the natural







































Lima Coast Mountain Jungle
Source: Authors, from various sources.
Figure 22.  Distribution of public and private health centers and posts in Lima and

























































Lima Coast Mountain Jungle
Source: Authors, from various sources.46
Finally, Table 12 provides information about the evolution of MOH investments in
primary and higher-level health care facilities and beds.  The table also present data on selected
measures of MOH facilities’ health care output.  While the number of MOH hospitals grew
between 1972 and 1996, from 110 to 123–or a 12 percent increase–this expansion was below the
growth in population.  Thus, whereas in 1972 the MOH offered 0.079 hospitals per 10,000
population, by 1996 this indicator had dropped to 0.052.  At the same time, owing to an increase
in IPSS and private hospital facilities, in 1996 the MOH’s market share dropped to a low of 26
percent.
Between 1972 and 1996 the total supply of MOH hospital beds also went up, with a total
increase of about 56 percent.  This increase was slightly above that of the market as whole, and
therefore the MOH’s share in the market for hospital beds went up from 55 percent in 1972 to 59
percent in 1996.  MOH hospital beds increased well above the growth in the number of hospitals.
This meant that on average, each MOH hospital became larger, from 149 beds per facility in 138,
to 207 beds per hospital in 1996.
Between 1972 and 1983 the number of MOH health centers and posts nearly doubled.
From 1983 to 1996 the number of health centers increased by a further 45 percent while the
number of health posts doubled again.  Overall, between 1972 and 1996 the combined number of
health centers and posts more than tripled.
Table 12.  Evolution of MOH health facility infrastructure and output
Variable 1972 1983 1996
Total population 14,000,000 17,600,000 23,800,000
Hospital investment
Total number of hospitals in health sector 337 338 472
Number of MOH hospitals 110 117 123
Number of MOH hospitals per 10,000 people 0.079 0.066 0.052
Market share of MOH hospitals 33% 35% 26%
Hospital beds investment
Total number of hospital beds in health sector 29,755 29,984 42,974
Number of MOH hospital beds 16,358 16,183 25,478
Number of MOH hospital beds per 10,000 people 11.68 9.19 10.71
Average number of beds per MOH hospital 149 138 207
Market share of MOH hospital beds 55% 54% 59%
Ambulatory facilities investment
Number of MOH health centers 347 612 890
Number of MOH health posts 994 1,712 3,519
Number of MOH health centers and posts 1,341 2,324 4,409
Number of MOH health centers and posts per 10,000 people 0.96 1.32 1.85
Market share of MOH health centers and posts 82 86 45
Hospital output
MOH hospital discharges 406,593 490,324 558,446
MOH hospital discharges per 100 people 2.90 2.79 2.35
Discharges per hospital 3,696 4,191 4,540
Discharges per hospital bed 25 30 22
Ambulatory facility output
Outpatient visits in MOH hospitals, health centers, and health posts 6,663,510 9,016,552 16,460,102
Per capita outpatient visits in MOH hospitals, health centers, and posts 0.48 0.51 0.69
Outpatient visits in MOH health centers and health posts* 3,331,755 4,057,448 6,584,041
Outpatient visits in MOH health centers and health posts per facility 2,485 1,746 1,493
* In 1977, 50 percent of all MOH ambulatory visits took place in hospitals; in 1996 it was 40 percent.  We have estimated 45 percent for 1983.47
The discharges of MOH hospitals increased by more than the number of hospitals, and
therefore the discharges per hospital went up.  However, since the number of MOH hospital beds
grew much faster than the number of hospitals, the productivity of each MOH hospital bed
actually dropped, reaching a low of 22 annual discharges.  The utilization of MOH hospital beds
is extremely low for international standards.  Data from the 1995 Censo de Infraestructura
Médica indicate that the overall utilization rate in MOH hospitals is about 30 percent, with an
average length of stay of about 5 days.
On the whole, Peru’s population visited an MOH facility for ambulatory care 0.70 times
per year.  This partly reflects the high use of private health care services by all population groups
in Peru.  It is also a reflection of the low productivity of MOH ambulatory health care facilities.
Whereas the total and the per capita number of MOH ambulatory facilities grew between 1972
and 1996, the annual output per facility dropped, from 2,485 annual visits at the beginning of the
period to 1,493 at the end.  Assuming 260 workdays per year, the latter figure is equivalent to an
average output of 5.74 daily visits per MOH ambulatory facility.48
  APPENDIX D
Data issues
The IMR is available down to the provinces, although Peru’s National Statistical Institute
has imputed the IMR to provinces using regression analysis on the basis of the departmental
values.  The CMNR is available down to the province level as well, and comes from direct survey
measures.  All four natural geography variables are also available down to the province level,
with the exception of temperature, which is only available for departments.  Rainfall and
temperature, the two natural geography variables susceptible to change over time, are only
available as a historic average.  Therefore it is not possible to construct a time series data set that
includes changes for the four natural geography variables.  Some health-related information
exists only down to the departmental level, such as public health spending, although other such
variables exist for provinces as well.  In addition, time series with health-related indicators,
including the stock of public investments in infrastructure, the staffing of public health facilities,
and the IMR, are available for departments.  Finally, information on households and individuals,
such as access to public sewerage and potable water, general and maternal education exists both
for departments and provinces.
In light of the preceding facts, we decided to carry out an analysis of the determinants of
the IMR both at the department and the province level.  The departmental analysis of the IMR is
based on a panel data set consisting of 3 annual observations (for the years 1972, 1983, and 1996)
for each of Peru’s 24 departments, for a total of 72 observations.  The provincial analysis of IMR
determinants uses a cross-sectional data set with 194 provincial observations for the year 1996.
Since our dependent variable, the province-level values of the IMR, is a calculated value
and not a direct measurement, we decided to study the determinants of the CMNR in provinces.
The CMNR is a measure of health status, albeit one that is not as directly influenced as the IMR
by public investments in health care.  However, the fact that the provincial CMNR is a direct
measurement, and not an imputed value, we chose to analyze it as well to strengthen our research
work with provinces.
The choice of the years 1972, 1983, and 1996 responded both to methodological and
practical considerations.  For methodological reasons, to maximize the variance in the IMR and
in the independent variables, we wanted to cover with the study the lengthiest possible time
interval.  In practice, however, the earliest national household survey that measured infant
mortality at the departmental level dates back to 1972. This limitation established the lower
bound of our time interval.  On the other hand, the most recently available estimates of the IMR
in the departments are from 1996, thus defining the upper limit of our panel data. To expand the
number of observations in our data set, we included 1983 as an intermediate year for which the
IMR was also available through a national survey.
It was not always possible to find values for all of the independent variables exactly in the
three study years of 1972, 1983, and 1996.  When that happened, we used information from the
closest year for which data were available.  Generally, this involved using data from up to three
years before or after the respective study year.  We believe that this minor time lag should not
introduce any serious bias in our estimation exercise.  In one case, however, we were forced to49
violate this rule, as we were unable to find information on government recurrent health
expenditure for the year 1972.  The nearest year for which such an information was available was
1977.  We thus deflated the 1977 figures and converted them into US dollars to bring them back
to the year 1972.50
  APPENDIX E
Descriptive statistics, partial correlation coefficient matrices, and additional regression results
Table 13.  Descriptive statistics, departmental IMR model, 1972, 1983, 1996

















IMR model: Infant mortality rate 
(deaths per 1,000 live births) 24 133,9 47,7 75 227 85,9 28,8 54 142 46,8 19,9 26
Independent variables
Group 1: Geography
Altitude (meters above sea level) 24 1.447          1.241          28,6 3.829             1.370          1.219          28,6 3.829          1.296          1.197          28,6
Latitude (degrees) 24 10,7 3,4 3,6 17,9 10,8 3,4 3,6 17,9 10,7 3,4 3,6
Longitude (degrees) 24 76,1 2,8 69,6 80,4 76,2 2,7 69,6 80,4 76,2 2,7 69,6
Rainfall (mm of rain per year) 24 431,4 625,2 1,5 2773,1 384,9 584,7 1,5 2773,1 668,8 681,5 72,4
Temperature (º Celcius) 24 18,0 5,0 5,9 26,6 18,1 4,8 5,9 26,6 18,4 4,8 5,9
Coastal Region (1=yes; 0 = no) 24 0,26 0,45 0 1 0,26 0,45 0 1 0,25 0,44 0
Mountain Region  (1=yes; 0 = no) 24 0,39 0,50 0 1 0,36 0,49 0 1 0,34 0,48 0
Jungle Region  (1=yes; 0 = no) 24 0,08 0,28 0 1 0,07 0,27 0 1 0,09 0,30 0
Group 2: Urbanization
Population density (persons per Km2) 24 50,8 50,5 0,4 130,4 62,9 64,2 0,4 156,0 86,1 89,1 0,9
Presence of a large city  (1=yes; 0 =no) 24 0,68 0,48 0 1 0,73 0,45 0 1 0,75 0,44 0
Group 3: Infrastructure
Households without potable water (%) 24 74,0            20,0            45,1            96,0               60,7            22,0            33,9           90,0            57,1            19,6            35,4        
Female illiteracy (%) 24 39,5            23,8            10,6            82,4               26,9            18,8            7,2             68,8            19,3            13,3            6,1          
Per capita GDP (current Nuevos Soles) 24 3.011          2.294          856             13.831           2.392          1.450          608            7.776          2.475          1.269          804         
Households without potable water squared 24 5.866          2.768          2.034          9.216             4.144          2.671          1.149         8.100          3.629          2.334          1.253      
Female illiteracy squared 24 2.102          2.020          112             6.790             1.065          1.223          52              4.733          541             655             37           
Per capita GDP squared 24 14.100.000 21.700.000 731.968 191.000.000 7.734.908 10.200.000 370.140 60.500.000 7.669.467 7.426.333 646.144
Group 4: Health care (per capita)
Doctors 24 0,00059 0,00062 0,00004 0,00155 0,00070 0,00063 0,00006 0,00157 0,00108 0,00074 0,00028
Hospital beds 24 0,00265 0,00354 0,00005 0,00835 0,00313 0,00404 0,00006 0,00906 0,00362 0,00389 0,00020
Health centers and health posts 24 0,00009 0,00004 0,00001 0,00015 0,00019 0,00011 0,00002 0,00034 0,00032 0,00015 0,00004
Government health spending 24 16,7 6,3 10,4 24,9 16,6 8,1 4,2 29,2 70,7 46,9 24,0
Health insurance coverage 24 13,1 9,4 2,5 26,5 14,0 9,5 2,5 26,5 25,8 11,8 6,1
Number of ambulatory visits 24 0,39 0,37 0,04 0,96 0,51 0,32 0,06 0,96 0,69 0,26 0,22
Year dummies
Year 1983 (1=yes; 0=no) 24 0 0 0 0 1 0 1 1 0 0 0
Year 1996 (1=yes; 0=no) 24 0 0 0 0 0 0 0 0 1 0 1
Population 24 1.784.727  1.736.532  32.102        4.556.007      2.189.936  2.226.914  36.000       5.447.000  2.993.467  3.088.153  76.579    
1996 1983 197251















































































































































































































































Altitude 0,53 0,44 1,00
Latitude 0,27 -0,08 0,48 1,00
Longitude -0,41 -0,02 -0,32 -0,76 1,00
Rainfall 0,24 0,34 -0,15 -0,32 -0,14 1,00
Temperature -0,39 -0,29 -0,61 -0,48 0,35 0,05 1,00
Urban area -0,61 -0,56 -0,50 -0,11 0,21 -0,30 0,25 1,00
Population density -0,20 -0,19 -0,14 0,03 0,07 -0,14 0,05 0,27 1,00
Households without potable 
water 0,55 0,54 0,24 -0,15 -0,14 0,55 -0,10 -0,79 -0,23 1,00
Households without sewerage 0,68 0,66 0,62 0,20 -0,23 0,19 -0,28 -0,76 -0,23 0,61 1,00
Households without electricity 0,61 0,61 0,43 -0,06 -0,07 0,36 -0,23 -0,88 -0,24 0,85 0,72 1,00
Illiteracy rate 0,71 0,71 0,55 0,13 -0,13 0,17 -0,32 -0,71 -0,16 0,62 0,71 0,73 1,00
Female years of education -0,75 -0,74 -0,54 -0,02 0,14 -0,33 0,29 0,88 0,27 -0,80 -0,78 -0,90 -0,90 1,00
Doctors -0,45 -0,53 -0,24 0,32 -0,16 -0,31 0,17 0,32 0,21 -0,44 -0,41 -0,43 -0,48 0,53 1,00
Hospitals -0,06 -0,07 -0,03 0,11 -0,11 -0,02 0,10 0,02 -0,05 0,03 -0,06 -0,01 0,01 0,02 0,37 1,00
Hospital beds -0,11 -0,07 -0,08 -0,01 -0,01 0,22 0,03 0,07 -0,02 0,01 -0,06 -0,07 -0,07 0,07 0,11 0,07 1,0
Health centers and health 
posts 0,12 0,03 0,13 0,19 -0,26 0,01 0,11 -0,40 -0,13 0,19 0,33 0,22 0,07 -0,20 0,26 0,32 0,052



























































































































































































































































































































































































































Altitude 0,41 -0,13 1,00
Latitude 0,09 0,00 0,52 1,00
Longitude -0,14 0,21 -0,35 -0,78 1,00
Rainfall 0,01 -0,24 -0,09 -0,31 -0,26 1,00
Temperature -0,31 0,00 -0,85 -0,44 0,21 0,13 1,00
Coastal region -0,26 -0,12 -0,44 -0,07 0,34 -0,59 0,37 1,00
Mountain region 0,39 -0,08 0,90 0,37 -0,27 0,03 -0,74 -0,60 1,00
Jungle region -0,06 -0,22 -0,47 -0,40 -0,13 0,75 0,43 -0,36 -0,43 1,00
Population density -0,29 0,94 -0,24 -0,08 0,38 -0,38 0,07 0,09 -0,19 -0,31 1,00
Presence of a large city  -0,10 0,51 0,11 -0,07 0,21 -0,26 -0,15 0,06 0,10 -0,33 0,43 1,00
Households without 
potable water 0,66 -0,40 0,41 -0,23 -0,05 0,47 -0,25 -0,52 0,43 0,28 -0,49 -0,18 1,00
Female illiteracy  0,81 -0,22 0,69 0,11 -0,08 -0,01 -0,51 -0,37 0,62 -0,19 -0,28 -0,01 0,72 1,00
Per capita GDP -0,22 0,10 -0,31 0,31 -0,30 -0,11 0,18 0,26 -0,35 0,01 0,10 -0,10 -0,50 -0,42 1,00
Households without 
potable water squared 0,69 -0,37 0,42 -0,20 -0,07 0,45 -0,27 -0,54 0,44 0,27 -0,46 -0,19 0,99 0,74 -0,50 1,00
Female illiteracy squared 0,80 -0,15 0,65 0,15 -0,10 -0,05 -0,47 -0,36 0,59 -0,20 -0,19 -0,03 0,64 0,97 -0,40 0,68 1,00
Per capita GDP squared -0,09 0,00 -0,17 0,30 -0,29 -0,12 0,08 0,22 -0,23 -0,03 0,00 -0,12 -0,34 -0,23 0,93 -0,34 -0,22 1,00
Doctors -0,66 0,61 -0,35 0,29 -0,05 -0,34 0,19 0,26 -0,33 -0,21 0,64 0,20 -0,86 -0,70 0,48 -0,83 -0,59 0,27 1,00
Hospital beds -0,30 0,95 -0,17 0,10 0,11 -0,22 0,03 -0,15 -0,12 -0,16 0,89 0,38 -0,47 -0,32 0,20 -0,44 -0,24 0,07 0,70 1,00
Health centers and health 
posts -0,48 0,65 0,12 -0,06 0,15 0,07 -0,16 -0,27 0,13 -0,07 0,52 0,48 -0,23 -0,19 -0,15 -0,23 -0,19 -0,16 0,37 0,58 1,00
Government health 
spending -0,61 0,30 -0,18 0,23 -0,18 0,01 0,11 0,07 -0,19 0,00 0,30 -0,05 -0,50 -0,49 0,30 -0,48 -0,41 0,17 0,71 0,34 0,38 1,00
coverage -0,69 0,38 -0,29 0,24 0,00 -0,27 0,13 0,36 -0,31 -0,23 0,45 0,11 -0,83 -0,71 0,42 -0,82 -0,62 0,24 0,88 0,46 0,31 0,75 1,00
visits -0,64 0,20 -0,28 0,34 -0,24 -0,12 0,24 0,27 -0,35 -0,02 0,20 -0,06 -0,65 -0,60 0,46 -0,65 -0,54 0,29 0,71 0,32 0,21 0,72 0,70
Year 1983 -0,03 -0,04 0,00 0,00 0,00 -0,09 0,00 0,00 0,00 0,00 -0,04 0,00 -0,05 -0,06 -0,03 -0,06 -0,08 -0,04 #### #### -0,12 -0,37 -0,29 -
Year 1996 -0,68 0,11 0,00 0,00 0,00 0,18 0,00 0,00 0,00 0,00 0,11 0,06 -0,29 -0,36 -0,02 -0,30 -0,34 -0,06 0,41 0,12 0,58 0,73 0,5953







Adjusted   R-
squared 0,8364 p
Geography constant coefficient 247,933
t4 , 7 9
altitude coefficient 0,0004952








t0 , 2 2
Group 2: 
Urbanization urban coefficient 0,1512878
t1 , 9 5
population density coefficient -0,0015698
t -1,186
Group 3: 
Infrastructure illiteracy coefficient 0,9749321
t 6,409
households without electricity coefficient 0,2437843
t 2,866
Group 4: Health 




centers and posts coefficient 24112,720
t 3,004
hospital beds coefficient -139,964
t -0,811
Group 5:  Cross 
variables


























MNU 36,89000 59,11000 53,85000 20,00000
altura 0,001 427,85150 2.702,06700 560,30460 197,99200 -2,726 -0,159  0,276 2,567 3,002 0,434
lluvia -0,001 247,83700 922,90730 2.029,49200 79,11566 0,837 2,209 -0,209 1,372 -1,046  -2,418 
longitud -2,941 78,44954 74,73445 75,58190 77,04008 -10,927 -8,435 -4,146  2,493 6,782 4,289
latitud -0,839 8,59368 11,94763 6,37618 12,04465 2,814 -1,860 2,895 -4,674 0,081 4,755
tmedia 0,085 30,35592 18,96546 30,16313 28,15000 0,966 0,016 0,187 -0,950 -0,779  0,171
urbana 0,132 76,78849 38,19861 44,58939 98,60000 5,102 4,257 -2,884 -0,845 -7,986 -7,141 
denspob 2,131 0,02896 0,05069 0,24932 0,00040 -0,046  -0,469 0,061 -0,423 0,107 0,530
analgene 0,820 48,57400 68,58819 72,15888 29,35297 -16,404 -19,331  15,754 -2,927  32,158 35,085
hsiluz 0,268 69,58796 43,03258 32,90257 81,80000 7,113 9,827 -3,271 2,714 -10,385  -13,098 
pcmedpub -25.238,490 0,00043 0,00031 0,00025 0,00062 -3,077  -4,427 4,869 -1,350 7,945 9,295
pchospub -42.060,400 0,00001 0,00001 0,00001 0,00000 0,117 0,171 -0,071 0,054 -0,188  -0,242 
pcpycpub 19.971,960 0,00011 0,00019 0,00022 0,00002 -1,716  -2,223 1,833 -0,507 3,549 4,056
pccampub -103,945 0,00090 0,00108 0,00386 0,00009 0,018 0,308 -0,084 0,290 -0,103  -0,392 
Sum of estimated  
differences -17,928 -20,115  15,209 -2,187  33,137 35,324
Observed 
differences -22,220 -16,960  16,890 5,260 39,110 33,850
Average value of variables Differences in Infant Mortality Rate55
























MNU 19,38000 31,87000 32,29000 9,20000
altura 0,001 427,85150 2.702,06700 560,30460 197,99200 -2,274 -0,132  0,230 2,142 2,504
lluvia 0,005 247,83700 922,90730 2.029,49200 79,11566 -3,038 -8,017  0,759 -4,980  3,797
longitud 0,366 78,44954 74,73445 75,58190 77,04008 1,361 1,051 0,516 -0,311 -0,845 
latitud -0,618 8,59368 11,94763 6,37618 12,04465 2,074 -1,371 2,134 -3,445 0,060
tmedia -0,164 30,35592 18,96546 30,16313 28,15000 -1,868 -0,032 -0,362  1,836 1,506
urbana 0,022 76,78849 38,19861 44,58939 98,60000 0,857 0,715 -0,484 -0,142 -1,341 
denspob 2,296 0,02896 0,05069 0,24932 0,00040 -0,050 -0,506  0,066 -0,456  0,115
hconagua 0,065 69,58796 43,03258 32,90257 81,80000 1,717 2,371 -0,789 0,655 -2,506 
hsindesa 0,191 31,61080 56,19717 45,28926 11,23273 -4,692 -2,610  3,889 2,082 8,581
analgene 0,165 10,09260 22,44304 13,97075 3,62917 -2,032 -0,638  1,064 1,394 3,096
aestudio -3,874 7,61949 5,17465 5,55426 9,60000 -9,470 -8,000  7,672 1,470 17,142
hsiluz -0,189 35,71129 61,23260 60,27875 14,06309 4,826 4,646 -4,094 -0,180 -8,920 
pcmedpub 789,576 0,00043 0,00031 0,00025 0,00062 0,096 0,138 -0,152 0,042 -0,249 
pchospub 23.249,000 0,00001 0,00001 0,00001 0,00000 -0,065 -0,095  0,039 -0,030  0,104
pcpycpub -3.732,428 0,00011 0,00019 0,00022 0,00002 0,321 0,415 -0,343 0,095 -0,663 
pccampub -209,767 0,00090 0,00108 0,00386 0,00009 0,037 0,622 -0,170 0,584 -0,207 
Sum of estimated  
differences -12,201 -11,443  9,974 0,758 22,175
Observed 
differences -12,490 -12,910  10,180 -0,420  22,670
Differences in Child Malnutrition Average value of variables56
Table 19.  Decomposition of differences between terciles, provincial model, IMR











(XTercile 1 - 
XTercile2)*Coef 





IMR 36,687500 58,939394 87,296875
altura 0,001 764,130100 1.685,111000 2.962,391000 -1,104 -2,635 -1,53
lluvia -0,001 344,841600 1.252,167000 1.070,306000 1,125 0,899 -0,22
longitud -2,941 76,760410 76,388120 73,562360 -1,095 -9,407 -8,31
latitud -0,839 11,186320 8,414306 12,570750 -2,325 1,161 3,48
tmedia 0,085 26,767040 24,878280 18,093850 0,160 0,735 0,57
urbana 0,132 82,690410 43,767870 15,824390 5,146 8,841 3,69
denspob 2,131 0,022217 0,100604 0,112457 -0,167 -0,192 -0,02
analgene 0,820 7,257969 19,595660 31,725930 -10,112 -20,055 -9,94
hsiluz 0,268 25,521590 63,262750 81,608980 -10,110 -15,024 -4,91
pcmedpub -25.238,490 0,000516 0,000276 0,000204 -6,062 -7,890 -1,82
pchospub -42.060,400 0,000006 0,000006 0,000008 0,008 0,096 0,08
pcpycpub 19.971,960 0,000077 0,000177 0,000263 -1,993 -3,701 -1,70
pccampub -103,945 0,001092 0,001110 0,000850 0,002 -0,025 -0,02
Sum of estimated  
differences -26,527 -47,195 -20,66
Observed 
differences -22,252 -50,609 -28,35
Average value of variables Differences in Infant Mortality Rate57
Table 20.  Decomposition of differences between terciles, provincial model, CMNR

















MNU 17,974242 32,006250 44,420313
altura 0,00100 736,99790 1.837,72100 2.521,41400 -1,101 -1,784 -0,684
lluvia 0,00450 267,36890 1.366,10900 1.207,06100 -4,944 -4,229 0,716
longitud 0,36640 76,64150 75,86798 75,28619 0,283 0,497 0,213
latitud -0,61830 11,32801 8,81913 10,70783 -1,551 -0,383 1,168
tmedia -0,16400 27,04308 24,26200 19,63504 -0,456 -1,215 -0,759
urbana 0,02220 82,68965 46,10419 21,68881 0,812 1,354 0,542
denspob 2,29590 0,02501 0,09451 0,10380 -0,160 -0,181 -0,021
hconagua 0,06464 72,74569 42,61453 28,15879 1,948 2,882 0,934
hsindesa 0,19408 22,89380 47,77666 72,88149 -4,829 -9,702 -4,872
analgene 0,16456 7,59970 17,15253 29,87739 -1,572 -3,666 -2,094
aestudio -3,87360 8,40823 5,62314 3,72692 -10,788 -18,133 -7,345
hsiluz -0,18910 26,91364 57,59199 77,32985 5,801 9,534 3,732
pcmedpub 789,57610 0,00052 0,00028 0,00022 0,192 0,239 0,047
pchospub 23.249,02000 0,00000 0,00001 0,00001 -0,094 -0,042 0,052
pcpycpub -3.732,42800 0,00007 0,00020 0,00022 0,458 0,549 0,091
pccampub -209,76720 0,00105 0,00119 0,00097 0,030 -0,016 -0,045
Sum of estimated  
differences -15,972 -24,296 -8,324
Observed 
differences -14,032 -26,446 -12,414
Average value of variables Differences in Child Malnutrition Rate58
  APPENDIX F
Data sources
Table 21.  Variables and data sources for departmental IMR model
Variable description 1972 1983 1996
Infant mortality rate a a a
Per capita GDP b c c
Female illiteracy e f f
Households without potable water g f f
Health insurance coverage h h c
Population c c c
Departmental recurrent public health spending i j k
Doctors by department l m n
Public hospitals by department o o n
Public hospital beds by department o o n
Public health centers by department o o n
Public health posts by department o o n
Severe malnutrition in children under 5 years of age e e e
Ambulatory visits in public facilities p q n
Total health centers and posts in health sector d d d
Total hospital beds in health sector d d d
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